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SUMHARY

A detziled computer analysis was made of the clothing worn

by the members of thzs Trans-Antarctic Ixpedition, and the
relevant climatic data. The analysis covers a period of
just over fourteen months and includes the 2,158 mile Jjourney

across Antarctica. The cold stress was severe,

No evidence of whole body acclimatization to cold in man

could be found,

The clothing worn was clearly shown to be more closely

correlated with temperature than with windchill,

The measured clo values of twentyeight different assemblies
of Antarctic clothing ware compared., A simple direct
relationship between a waighted 'number of layers' count and
the clo value of an assembly was shown to exist. This
relationship is of immediate use in comparing the relative

thermal insulation of two cold weather clothing assemblies.

Other data, including weight fat thickness and sleep records,

are discussed,

The data presentedare consistent with the suggestion that

man creates and controls his own micro climste.
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I TTROoODUCTTIOCTIT

Sir Zrnest Shackleton set out in 1914 with the
intention of crossing the Antarctic Continent from the Teddell
Sez to the Ross See, but his ship, the Pndarance, was crushed
in the ice and the crossing was abandoned. The idea was
revived in 1949 by Sir Vivien Fuchs,and the Commonwealth
Trens-Antarctic Expedition became & reality. (Hap - Plate
II.1) Lin 4dvence Perty set up & base nemed after Sir “Ernest
Shackleton on the floating Filchner Ice Shelf at Vahsel
Bey at the southern extremity of the Veddell Sea and endured
an extremely hersh winter living in & large packing case and

tents. Wext summer the Meln Party arrived.

During the period covcered by this report, the Trans-—
Anterctic Ex.cdition hag sixtcen men in the field, forming
the 'Mein Pavty'. Four of these mon had also spent the
previous wintcr et Shacklcton Base as members of the 'Advance
Party! cnd sitazyed on, being joined by twelve men brought in
by thc ship Megsza Dan on January 13th 1957. (This ship

took homc returnin, nembers of the ALdvence Party.)

The Mein Perty finished the base hut ¢nd set up an
inland bese celled 'South Ice' by air, approximatecly 300
miles inland from Shackleton at an altitude of 1350 metres,
on 4tk February 1957. Three men spent the 1957 winter at
South Ice, one of them heving boen a menber of the Advence
Party. Of the thirtcen men wintcring a2t Shackleton, thrce
had also spent the previous wintor there as members of the
Ldvence Party. Four of the mon a2t Shackleton that winter

were nmenmbers of the R.l.T.

At the cnd of the winter, & recconnoissance party
explored the ground routce from Shackleton to South Ice,
while other parties napped verious mountain ranges end made
gcologicel surveys. This Mein Perty of twelve men then
made the first ground crossing of the continent in the
sunmer of 1957-58, using Sno-Ceats end Teesels, while the
four R....%. rmcn made the first single engine £+ight across

the Anterctic Continent.
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(1)

The Crossing Party left Shackleton Base on November 24th
1657, errived at South Ice on December 23rd, left on December
25th and arrived £t the South Pole on Jenuary 19th 1958,

They left the Americen Scott-Lmundsen South Pole Base on
January 24th end completed their journey ¢t Scott Base on
Harch 2nd, 1958 ¢nd sziled for Now Zezland three hectic days
later. The full sSory of the expedition is given by Fuchs

and Hillary, (1958)

The expedition end the crossing in particular was timed
to coincide with the Internationel Geophysicel Year,(IeGoYo)
This was the third I.G.Y. The first International Polar
Yecr concentroted on Arctic work in 18382 to 1883, <nd the
second Internationcl Year in 1932 to 1933 on radio communic-
ation. The third I.G.Y., from July 1957 to December 1958,

a time of peak sunspot citivity, involved 5,000 scientists
in 40 countries in & vast collection of ezrth science data,
and concentreted on the Poler Regions, the Equetorial Belt,
end stations elong chosen lines of longitude between North
and South Polar Regions. There were 46 I.G.Y. stotions in

Antarctica involving & dozen netions and hundreds of scientists.

D/.T. COLLTCTYD DURIEG TH7 TR, US-LETLRCTIC BAPSDITION

L 'sleep cerd' weg issued to each man each weck,
(Figure V (1)) =nd this geve records of 211 the clothing worn
each day, the outdoor work, tnd had speces for weight end
faet thickness measurercnts «nd other deta such as wezthor,
dental trectwment, photosrzgh, illness or injury or othor items
of special intcrest together with « day by dey slcep and
work diary. The back of the card was blenk end many members
wrote long end useful corments and explanctions of their
activity, clothing or cemping gonditions on the backs of the
cards. Despite the erdous conditions tnd extrcemely long
hours, the cards were filled in regulerly end feithfully by
211 the men. Only 2% the cond of the crossing ig one set of
cards reoally short of data., 4n immense'thonk you'is due to
all the members for filling in these cards, often wearing

several laycrs of gloves in very trying conditions.
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(2)

Bveryone helped with the meteorologicel records, but
O 9

they were the entire responsibdility of one man, Hannes ILa
Grenge, znd his patient work was of a very high order.
Detailed weather recordings were mede at synoptic times
(riostly three hourly) at both bases cnd by all parties in
the field.,

In addition, mediccl and dental records were kept end
physiologicel investigations included measurements of energy
expenditure under various conditions including travel.

41 base an energy balance was carried out on one man for one

week. These results will be published clsewhere.

The date analysed here is in short the clothing worn
by & dozen men for fifteen months &nd the wezther every
threec hours or so for the same time, during the occupation
of bascs in énterctica @nd & journey across the continent

lasting ninety nine days.

Semples of new and used clothing were brought back to
the U.X. and have been subjected to detailed examination,
and the clo velues for twenty four asuemblies were measured

in the U.S... and for four assomblies in the UK.
E.0.A.Rs GRANT

Strenous efforts were made to collate end assess the immense
nass of figures resulting from the physiological progremme
Three statisticians in turn, after expressing intense
interecst, retreated from the project zfter & year or so in
each case, &s it proved impossible to handle the material

es a spare time project. It was not, in fact, until 19638

thet the possibility of a grent for a full time mathematician/

stetistician arose,. -
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Following a lacture on the expedition, given by
Dr.A,F.Rogers in Washington in 1968, during the
International Physiological Congrass, a discussion of the
limited analysis made up #ill then of the mass of data
available rasulted in a suggestion that an application for

0

he Office of Aevospace Research,

£

funds should be mala to

United States Air Force, and this was successful,

Mrs.R.,J.Sutherland, an Honours Mathematics Graduate,
was appointerd on HNovamber 3rd, 1906%, and was responsible for
tha computer program and the statistical analyses. Mrs.
E.Fountaine gave secvetarial help from October 20th,1969,
until Miss V.Thornton tock over on March 1Sth, 1970.

Miss Thornton also undertook the formidable task of coding

the data. The entire mass of computer card data is stored

r
b
fomt
[sN}
T
o5

-
=D
D
~I
[uy
.

in archivas. The group broke up on Ap

The delay in starting the analysis was a blessing in
disguise since until comparatively recently there was no
computer availabls in the region that was large enough to
handle the mass of data which amounted to approximatcly a

million 'bits',
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I1I PREVIOUS WORK

It is generally agrced that man evolved as a relatively
heirless animel (i.e. one without fur or wool protection)
in a tropical or sub-tropicel environment, and bony remains
indistinguishable from modern Homo Sapiens can be found from
the mid Pleistocene onwards. It is extremely likely that the
necessity to follow the animels that he fed on, led man to gwter
colder regions. This in turn led to the use of clothing for
protection and there is good evidence thet man wore tailored

gkin clothing 20,000 years 2go. (Woodbury 1968)

When modern man, accustomed to living in a temperate zone,
returns to & tropical climate, then, quite apart from shedding
scome of his clothing, he readily adapts to the hot environment,
and this zdaptation is easily demonstratced, well marked; and
undisputed. On the other hand, attempts to demonstrate adapt-
ation to cold have been generally unsuccessful. Ceptainly there
are local changes, especielly in the hands, and elso in the face
and feet, but no ‘generzl adaptation of the whole body' has
been shown, end there are no profound and well marked physiol-
ogical changes such as those sccompanying increased ability to

deal with heat stress.

The best demonstrated local chenges are in the hands.
‘Mackworth (1953) at Fort Churchill, showed by means of & two
point discrimination test thet indoor and ouidoor i-orkers
differed in their ability to distinguish a2 gzp after e stendard-
ised exposure of the hends to a cold 2ir stream. Subjects
exposing their hands to cold air for two hours 2 day znd tested
by the standardised cold 2ir stream and two peint discrimination
test, at first showed lossz of discrimination after cold zir
chilling, but after two we: ks their ability began to improve.
This type of test wes used in the Antarctic by Massey (1959) who
showed newcomers took seven weeks for their fingers to show &
resistence to chilling comparable with thet of men resident in

Antarctica for the previous year.
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Locel acclinmctizetion of th: hands to cold in fish hendlers

is well markced and has beon studicd in detail by Le Blanc,
Hildes znd Heroux (1860) rnd by Nelms znd Soper (1962) who showed

it to be duc to cold vasodilation.

Zvidence of wccelimztization of tho whole body to cold is
scanty, 2lthough there erc remarkible cxamples such as thoe
Lustrelien aboriginas  who slcop almost neked in the open under
conditions whore tho air tempersture often fell , bolow freezing
point. (Goldby, Hicks; O'Connor & Sincleir 1938, Scholander,
Hemncl, Bart, Lc Messuricr & Stcen 1958) The Yahgen, now elmost
cxtinet, living in Ticrra dcl Fusgo &t n annual ncan toempore turc
of 600, were desceribed by Darwin (1832) as wearing praciicclly

no clothes,

The Eskimo, inhebiting tho cold ..rctic rogions, might be
expccted to show acclimatizztion to cold. In fact, hc eppcars
t0 create his own nmicroclimato around his body by the cleover
ugse of vory well designod clothing, -nd to survive in en cxtremcly
hersh environment by the skill 1 usc of epecicliscd techniques,

derived empiricelly over ¢ very long pericd of time.

Various studics have boen undcrisken of the membors of
polar expeditions, to look for cvidunce of ccclimetization to
cold. If distinct physiologicel chrnges could be shown to occeour
&8s a result of noving from - 1t .mperite to o cold environment,
and to regrcss on roturn to the formur climete, then & Tirm casc
for ceclimatizetion to cold could be made. This would also
apply if changces could bo shown in responsc to e move from &
cold climate to even horsher conditions. (for oxemple when cn
expedition leaves a base crmp end then returns) It is to be
expceted that mimbors of polar cxpeditions arc subjectced to
considcrable sclection, including sclf selection, and it is
doubtful thet those who dislikc or suffer cold conditions poorly
would cven epply for inclusion. It is 1likaly, thercforec, thot
mombers of poler cxpcditions erc alrcady awarc that they cen
tolerate or even like the conditions, :nd it is of coursc common
for mejor cxpeditions to have & considerablc proportion of very

well oxporicnced members, thoroughly femilier with the conditions
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end choosing to cxtend thelr expericnces. It might scom,
thersforc, thot vdouptotion to cold might be found in such a

population, if cnywhere ot -11.

On thc other hand, “acplcrson (1958) hes cp-yd convincingl
9 - r3

thoet men, 9 on enincl deve id of clothes, firc end shcelter, is

best sultcd to the werm <cu ble® aviz miint of a tropical forost,

and lertin (1930) suprorts this view. Uan's remerkable capecity

for heat loss by cut neous vesodilation ~nd sweating, fit him
for sctivity in this cnviromwont. His criticol tomperrture is
2500 to 27009 and he normclly reguires ¢ hizh nocturnal tomp-
creturce for slceps He is well equipped for heet loss cnd not
for heet conservetion, ‘nd has very sconty body hair. He can
adapt well 1o high environmentcl tempercturcs but his minimel
environmentsl stress is in tropictl conditions. Temperste
conditions represent the lower boundery of adeptation to lower
emperotures, .nd Mecphorson argues thet it is fruitless to
attiopt to demonstroto profiund physiologicel changes in
tempercte mon on exposure to scvore cold, &g he hes elready

adepted 75 Toer s he is ablc. Only by creating his own micro-—

-y

climatc within his clothing crn nmen survive polcor conditions.

~

By wearing ¢ kuitted wire vest :nd pants snd using them oz e
reaistrnee thermometor,(Volff 1958) the micro-climete has boon

-

. . . 0 0.
measurcd by Normrn (1962) and found to average 32 °C to 33 C,

indoors wnd out, throughout the intirctic year. Similear results

woere obtiincd by Curmning,(1961) snd the results of Hempton
(unpublishcd) erc quotcd by mdholm cnd Lewis (1964) in o most

ugcful survey.

Adai, (1958) using the wire vest mcthod, measured sub-
clothing tempereturcs in nenbirs of the Trens-intarctic
Bxpedition znd othoers who had been in .ntirctica for fiftcen
months, :nd could find no si_nificent differcnce between them

end the new arrivels.,

The Ldvence Perty of the Trins-intcrctic Bxpedition werc
based &t Shackleton, wvhore the wezther was very cold, dry c¢nd
windy. hey were subjectoed to unususlly hersh conditions

(Goldsmith 1959) and weokly clothing records werc used to show
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zcclimatizetion to cold. (Goldsmith 1560) 4s pointed out
by Edholm ¢nd Lewis ( $64) the records show thet the extrem-

.. ey adept, but there iz no absolute support for generel

H
Fas

ptationy even under these severe conditions.

Using & ocimiler count 5L the numboer of gorments with
e comfort index <nd wind chill czlculetions, Pcluei (1962)
found chenges in clothing, indiceating adeptetion, but no
chenges in the protection of the extremitic However, the
conditions of Pelmii's work were clmost tomperite, or at eny
re.te sub-intiretic, rather thin dnterctic; the tempercture
TCNEc WS +25OF to +5OOF9 cnd the weather was cold, wet and
windy. Lugg (1965) elso used ¢ subjcotive toonfort index!
together with ¢ 'nuwaber of loyers! count ond & wind chill

index ¢t Dovig Drge. A3

ot

s eversged results for nine subjects

showed only & slight docrease in clothing worn ofter mid winter

with n incrcasc in the subjective comfort vote, he was only
ustified, «o he scys, in sugiesting thot acclimctization ha

oCCUTrTrct.

Genere 1l motrbolic studics heve been nade by mony workers
looking for cvidence of acclinmotizotion to cold, £nd both
EBdholir snd Lewis (1964) -1

work frowm uslightly different points of vicw. Besal metobolic

d Trnmel (1964) heve surveysd the

LA

retes (B.3.R,) arc gencrslly agreed to be lower by o fow por
cent in persons liviug in ¢ worn climntce. Cold clinmntc studies
heve not yiclded 0y clesr cut concluzsions cbout the effect

of = cold c¢lim t¢ of the B.P.R., slthoush herc it must be
r.onicnvared thot the cetusrl ac-surenent of thoe D.M.B. is wade

in the obscnce ol ¢ cold stress.

Mcesurenents of oxygen consumption "nd skin ¢ nd rccitel
tcuper-ture during cold stross of verying dur tion ond degrec
hive been wmede by mony workers, (Hormel 1964) ond o gencral
survey by these nethods of o1l othnic groups seeis desirsble,
~nd indeed ¢ stort hos been made. Hormel (1964) roeviows
the studics on gener 1 not bolic ccclinetization including hig

a

own on the Alrcaluf Indinns of Ticrr: del Fucgo., 4 useful
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review is given by Budd (1964) of the whole problem in

relation to his own metabolic studies in Antarcticz, which
showced an increased ebility in four Ceucesians to maintain
rectel tempereture during cold stress. This was attributed

to genercl acclinatization to cold.

Edholm (1960) argued thet no absolutely glear cut evidence
of acclimetization of nan to cold existed, but Scholender
(1960) pointed out thzt the ebility to rest cnd sleecp was
essential to survivel, snd this could certainly be acquired
in 2 cold environment. . number of descriptions of this
ability in primitive communities have ¢lrecdy beon quoted,
and several detciled studics heve now becen made in Ceucasians.
indcrsen (1964) reviewed the litersturc and reported controlled
experiments on young Forwegirnse very cimilar to those of
Scholandcr (1958) except for lower skin tempercture in the
fect. Scholander's (1958) subjecty also had insufficient
bedding while cemping in the Norwczien mountsoins, yet developed
the ability to sleep with & wernm surface ond a2 heat production
1zi5c¢d 50% ebove the nornc L by frequent shivering. Control
subjects slept poorly, shivered, 3id not mobilize =8 much heat
end hed colder feet nd body surf:cc. Cold stress has varied
in most cxperiments cnd this ncy ascount for some of the
discrepancics and conflicting results quite cpart from the

difficulty of egreceing on definitions.

Th

[

B.ii.R. of ¢nincls is closely related to size rether
thaen eny othoer conditions or charccter, ~nd mouse, man ~nd
elephent ¢11 lic on tho senc curve. Some specics deviete &

little end 711 c¢'rnge slewly with ege.

The numerous ncesurencants of BeM.R. in nan in & viricty
of cold conditions show no greot chenges from normel, ¢nd it
is recsonablec to concluvde thet the B.lM.R. wes fixed with regard
to sizc in the long coursc of ¢volution of warn blooded mer cls.
(Irving 1960) In cold conditions rnimels react in different
weys. Moot of the lerge Arctic cnimals cre gso well insulated

thet they orn rencin still on snow or ice without metabdolic

ITI.5




compensstions, On the other hondy small birds in the cold
treble their hect production for long periods by shiverirg,
even auring sleeps During food s-.kiag their nuscle cnergy
expenditure is cnough to kcep thoys warn. While shivering is
the most importent method of hoct production in normel eninals
in the cold, non-shivering thermogenesis is well proven in

the rot. (Cottle & Corlson 19563 Carlson 1560)

In gonsrcl, 1t eppecrs therefors thot wman, 2 tropicel
animal by origin, alrerdy shows sone adaptation to cold stress
in his life in o tomperate climmrte, cnd cnn develop & little
nore cdoptetion when subjeccted to more scverc cold stress -
but only & little norc. here ig no profound overall body
chenge ~nd reedily observed sdzptetion ¢ o observed in ¢ hot
climatc., Only by the skilful use of clothing cen men survive

in & poler clinate.

The nombers of the wain porty of the Troms-Antarctic
Expedition lived rt Shrckleton Basc in Lntrretico for o
winter, then drove across the continent in Sno-Tats and werc
exposed to congidernble cold stress. Since detriled meteor-
ologicnl and clothing rscoris werc kept, the date wos sultoble
for a close senrch for evidence of accclinmatization of man to
cold. The snelysis of this date is prescented in this public-

ction.
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(1)

(2)

HE TRAYS - AVWTLRCTIC BXPEDITION

Ln outline of the story has been given alrcady in the
introduction, and full detcils arc given by ¥.chs and
Hillary. (1958) Further technical deteils are given in the
Trans—interctic Bxpedition Becicntific Reports, those of
particular rclevence being Ho. 13 IHeteorology by J.J. La
Grenge end No. 15 Survey by K. V. Bleiklock, D. G. Stratton
and J. H. ¥iller 1966, 4 bricf rcsumé of detzils portinent
to this anazlysis of cleothing and climstic conditions is
given in this scction.

POSITION OF SHACKLETOI AND SOUTH ICE BLSES

Shacklocton Bzsce

This was cstablisned at Vahsel Bay ¢t the foot of the
Teddell Scz 2t 77°59 South end 39°09 West on the floating
Filchncer Ice Shelf cbout & wmile inlend from the ice front.
The basc rosce enld foll with the tide but a mean height of
58m (190ft.) was accepted for —oferince. The ite shelf was
400m (1300ft°) in thickness end the depth of the sea 900m
(500 fethoms) Sheckleton wez occupied from 30th January

1956 until 27th Deccmber 1357.

South Tcec Base
The inland base wes established at 81056'South 2nd

28051/‘-..7931;9 25 miles scouth of the 7hi~ ~way Nunataks ¢nd
207 miles shouth of Shackleton ot n altitude of 1,350m
4,430 ft.). South Ice was cccupied from 4th Fehruary 1557

until 6th Jrnuary 1$58.
CNVIRON#THNT L CONDITIOHS

Aintarctic weather is typically very cold &end windy.
The lowest teuwpore ture rccorded at Shackleton in 1957 was
—55.100 on 20th Lugust eénd the hizhest tempereture +2.8OC
on 13t. Decenmber 1956, The lowest temporeture rccorded at
South Tce during 1957 wos -57.3°C on 29th July =nd tho
highest —8,200 on 13th Decembor. The aversge monthly
temperatures a2t Scuth Ice were always lower then the

aeverage monthly temporztures at Shackleton.
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Three hourly mcieorelosical observetions were made
at Shackleton, and six hourly observetions werc made at
South Tce during 1957. The wind dota rofers to & height
of 10m ebove tho surfaece at Shackleton :nd to 2 height of
8m at South Icc. There a2rc no satisfactory rediation
results for Shackleton in 1957. For four months during
the vinter(iley, Junc, July ¢nd Lusust) the sun did not
rise ¢bove the horizon .nd for four months during the
sunier (Novemb r, Decimber, Jenuary (nd Februery) the sun
did not set. During the light wonths ths sun was often

obscured by cloud.

The humidity factor has not been teken into account
becausce this has little effect on the coufort of men in

the cold. (Bdholw & Lewis 1964

For the periocd of tho crossing, metiorologicel
observetions woerc nade at intorvils of threc hours, except
9
during the periods for sleep. The nininum temvoreturc

0 . .
rccorded was -35,9°C :nd the nmeximun tempere ture recorded
A

=

21, —13.10C. The conditions on the crossing werce more
sevoere thin the conditicns ¢t bese during the samce period
the year before. On the crossing, the only protection the
men nad wes provided by the vohicles end the tents at
night. They were therefore more continucusly exposed thor
thcy had been at bass. If acclimatization to cold cccurred,
it should beconc most epparcnt during this uvceriod. The
crossing dats was thercfore examined first (and in greater
detcil) to sce what evidence of acclinetization could be
found. The analyses ecre considerced herc howevar in the
chreonolojicel order in vhich the events occurrcd i.e. hase

date first, followcd by the crossing deata,

Iv.2
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PERSORIZL IWVOLVED

A list of the nimes of thoesc membors of the Trens-

antarctic Izpedition referrzd to in this survey is given

in Table IV (1). This survsy dces not cover the activities
(Goldsmith 1959)ncr does it cover

Hillery 1958)

of the idvencc Prriy,
the Ross Ses Party. (Fuchs & The teble
gives the occuvations end the subject number by which the
individusl is referred to in the rest of this survey.
Subjects 1, 2, 3, 4 ¢nd 13 were =#1lso memb s of the Ldveince
Party, end subjects 13, 14, 15 #nd 16 werc members of the
Foyel Air Force contingent :nd flow across the Lnterciic
Continent while the othcr subjcets, numbers 1 to 12 made
the crossing on the ground in vehicles,

Teble IV (2) pives the coe, zverece fet thickness, aversge

weight, the hoight nd the surfece crcs of each subject.

Surface area is given by the Du Bois-Meek formule

v 198
W2 0h25 0,725

71,84
and is commonly read from a nomogramn,

(W = nude weight in kg, H = height in cm

surface area in square meters)

Iv.3




1656 - 1958 Trens~Polar ' rty Subject Fo. Tsed in.

1

Survey Tor laentificitin

* Dr. V. E. Fuchs, Txpediticn Leader,
Geologist. . 7

D. G. Stratton, Doputy Leader,

Surveyor. 6
K. V. Blaiklock, Survecyor 4
D. L. Prett, Tngincor. 8

Sergecnt lis. jor D. . L. Homard, RIME,
EFngincer. 3

R. /. Lenton, Cerpenter end Radio
UCperator, 2

J. J. Lae Grenge, Heteorolo -ist (South

Lfricas) 1
o Go. D. Pratt, Georhysicist.. 5

Dr. 4, F. Rogers, lledicel Officer end

Physiolocist. 10

Dr. K. Lister, Glaciclogist. 11

Dr. P. J. Stephenson, G ologist
(Lustrelia) 9

. G. Lowe, Photourspher (New Zealand) 12

Royel Adr Force Continment

Squandron Lecder J. H. Lewis, Senior Pilot 16

Flight Lieutmnent G. M. Heslop, Sccond Pilot
(New Zeazland) 15

Fligsht Sergeent P.o Teston, Lircraft
Mechanic. A

) illiezms, Radio

13

¥ Now Sir Vivian Fuchs.

Teble IV (1) Membership of the Trans—intarctic Bxpedition
Iv.4




i |

Subject ¥ f Loeoat ihverfgo Fet Aversge Welzht Heisht Surface
i 1 ;
} No. South Fole Thioness ENOV°56~FCb.58 (coms) Lrea
(Jan.1558) Nov.56—Fcb558é (Kar) (mz)
B (rmer.)
i
1 30 18..41 90.5 184.2 2,13
| e
2 F o 34 17.9 80,2 172.1 1.93
' —
3 4 37 5.57 L 66l 171.7  1.79
4 F 30 6.9.4 67.5 179.1 1.85
5 30 12,44 85.4 186.6 2.11
6 F 30 10.18 74.9 182.9 1.96
7 LE 49 11,1 81.1 180.3 1.¢9
8 38 11.85 87.6 190.5 2.16
9 27 12.57 77.8 172.7 1.91
10 L A0 15.33 7564 177.8 1.93
11 & 34 1G.45 75.1 175.3 1.91
12 3 34 12.17 78.8 187.3 2,05
13 38 16,6 76.8 172.7 1.9
14 F 36 12.6 90.9 182, 3 2.13
15 35 1.5 75.5 176.5 1.92
| PRSI S,
16 ¥ 35 20,4 92.3 162.3 2.14
* = DPrevious experience of cola climate.
4 = EDxpericnce in the Lrctic (e.o. British North Greenland

Ezpediticn)

F .
Pelklend Islands Dependencies Survey)
E = Mewber ¢f the Everest Expedition

Teble IV (2) Charccteristics of Subjects.

= Dxperience in the wnterctic (:.g. s & nember of the

o




PLATE IV (1)
lcing-up of beard and moustache and accumulation of drift snow in the fur
trimming of anorak hood. Winter 1957.

PLATE 1V (1a)
Aerial view of Shackleton Base January 1957, showing Main Hut, Stores and
Wireless Mast. In the distance are long lines of fuel drums.




(4) LIFE AT BASE

The extreme conditions in which the Advance Party had been living
ended with the arrival of the Main Party and from the end of January
1957 onwards when the Base Hut was completed, life at Shackleton was
comparable with that at any other medium sized Antarctic base, although
the climatic conditions were rather more severe. A strict 24 hour
routine was observed and emphasised by the diesel generators which
thundered all day from breakfast to lights out, no matter whether
outside there was the continuous darkness of winter or the 24 hours
daylight of the summer season. Breakfast was from 8-9 a.m.; coffee
11-11.15 a.m.; lunch 1-2 p.m.; tea 4-4.3C p.m. and dinner from 7-8 p.m.
Usually everybody worked all day until dinner and many relaxed over
books or other occupations after dinner, but there were always a few
working right up to lights out at about 11.30 p.m., at which time five

or six people often had a hot drink and a quiet chat in the kitchen.

The hut was large and by Antarctic standards comfortable. Heating
was by solid fuel stoves burning Phurnacite, and an Aga cooker gave the
cook good scope for culinary skill, The air temperature at 2m averaged
13.5°C over ten months occupation. In the rafters at the apex of the
hut clothing could be aired at 20+°C, but floor temperature was about
freezing point, There was often ice on the floor and a blow lamp was
always used when the floor was being scrubbed. The hut was buried by
snow and only the apex of the roof could be seen from a distance. Entry
was by steps down to a tunnel leading to a door and there was always
difficulty keeping this clear of drift snow. One man in turn was cook
for a week and had two 'Gash Men' to wash up, stoke fires and saw up
snow blocks for the water supply tank. There was no fresh food of
course (except occasional mustard and cress grown on trays in the loft).
There was an adeguate and varied supply of tinned food such as meat and
butter, and dehydrated foods such as egg, milk and potatc - a range of
food typical of any Antarctic base. Fresh bread and cakes were baked
several times a week. A capsule containing all known dietary supple-
ments in suitable quantities was devised and each man took one a day

throughout the expedition.

An energy balance was completed on one man over a period of seven
days and nights, all food eaten being weighed, with a detailed analysis
giving the calorie values (McCance and Widdowson 1960). Energy
expenditure was measured with the Integrating Motor Pneumotachograph
(Wolff & Fletcher 1954) and the results (already briefly referred to
by Edholm 1960) will be published in detail elsewhere. The calorie

Iv.6




PLATE IV (2)
Shackleton Base — dragging in snow blocks for drinking water. Note drift scoop around trap door entrance to
tunnel in foreground.

PLATE IV (2a)

Shackleton Base — entrance to Hut Vla steps to tunnel. Spring 1957. Seen from
inside.




PLATE IV (3)
Ice formation on stubble beard in cold weather — condensation from breath.
March 1957.

PLATE IV (4)
Lunch time break during crossing. January 1958. Note dogs resting.




intake averaged 4,100 Kecal a day, the total intake being 28,700 Kcal

for the seven days. The subject (No.5) was large (height 186.6 c.m.;
weight 84.8 Kg.; surface avea 2.1lm2) but the food intake for the

other members was of the same order,.

Normally every man exczept the cook spent part of each day outdoors.,
There were no special privileges, conditions were the same for everyone
and everyone in turn shared the less pleasant chores such as scrubbing
frozen floors and emptying latrine buckets. The only exception made,
by common consent, was that one subject was excused cooking, not becausc
he was unwilling to do his share but because the others were unwilling to
share the results. He took a slightly larger proportion of other chores

in consequence. Cooking was a real difficulty,. It took highly skilled

men away from the jobs they were trained to do and employed them in a

-~

task they had not trained for. It was inevitable however as the
logistics of the crossing were so critical that no passengers could be
carried. The vehicles could only drag food and fuel for the twelve
men needed and planned for on the crossing,and ecach of these had his
special task. There was no way out from Shackleton except across the
continent by Sno-cat. (No relief ship was to come in). There could
thercfore be no cook at base since he would have been a non-productive
passenger on the crossing. Despite this, wonders were achieved and a

remarkably high standard of cooking maintained.

Morale was consistently high and there were none of the quarrels

that have so commonly occurred in small groups of men isolated for long

~

periods in difficult conditions. Th:is was probably because the men
were all volunteers and specialists with a specific task they wanted to
do, and were competent in at least one other field of work as well.

tions of various kinds and knew what to

(=N

Everyone had been on other exped
expect, The leader was a man of cnormous experience and remarkable
personality, but all important decisions (cxcept in utmost emergency)
were made after full discussion amongst the whole party and were joint
decisions., Each man had absolute responsibility in his own field.
The result was the extremely high morale already referved to, and a

L]

remarkable absence of internal strife.
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TABLE IV(3)
CONTENTS OF T.A.E,SLEDGING BOX (2 MEN ~ 10 DAYS)

Wt/oz. Kcal/oz. Total Kcal. Kecal/man/day

1) Butter (6 tins ea. 1 1b.) 96 226 21,696 1,085
2) Pemmican { 7 tins ea. 1 1b.) 112 167 18,704 935
3) Biscuits (24 pkts.of 6) 1 tin. 86.3 137.5 11,866 593
4) Sugar ( 4 pkts.ea.l tin,
15% oz.cube sugar) 62 112 6,944 347
5) Compressed QOats (1 tin, 3 1bs) 48 115 5,520 276
6) Milk Powder (2 tins ea. 1 1b) 32 150 4,809 240
7) Chocolate (5 bars, 2 oz.milk) 10 167 1,670 84
1 tin (5 bars, 2 oz.plain) 10 155 1,550 77
8) Kendall Mint cake (3 bars ea.6 oz) 18 111 1,998 100
9) Bacon (1 tin, 1 lb.sliced) 16 120(av.) 1,920 96
10) Pea Flour, 3 pkts.of 8 oz. 24 78 1,872 94
11) Cocoa (1 tin, 12 oz) 12 128 1,536 77
12) Potato (1 tin, 8 oz.dried powder) 8 103 824 41
13) Raisins or Dates { 8 oz.pkt) 8 70 560 28
14) Sardines (1 tin, 4 oz) 4 84 336 17
15) Dried Onions (1 tin, 8 oz) 8 50(say) 400 20
16) Salt (1 oz) Nil
17) Marmite (2 oz) (or Curry Powder 2 oz) Nil
18) Tea (1 tin, 4 oz) Nil
82,196 4,110

Total Kcal value for each box 82,196, giving 4,110 Kcal.per man per day.
T.A.E.Boxes issued Nov.24, Dec.4,15,27, Jan.6,16,29, Feb.8 and 27.
M.R.C.Box (2 men-10 days, 5,000 Kcal(day) issued 19 Feb.1958 (trial pack)

Supplementary Rations issued during crossing to each 2 man tent:-

27 Jan.'58. 3 lbs.Jam. 29 Jan.18 oz.Kendall Mint Cake, % 1lb.Dates, 1 Soup
Powder (400Kcal), 12 oz.Luncheon meat, 1 1b.Milk Powder, 12 oz.Corned Beef.
5 Feb. 4 1b.Jam. 6 Feb. 4 oz.Cheese, 2 lbs.Steak(fresh). 8 Feb. 8 oz.Dates,

12 oz.Kendall Mint Cake, 5 Soup Powders, 12 oz.Luncheon Meat, 8 oz.Dried
Egg, & oz.Sardines, 1 1b.Glucose Tablets, 1 1b.Jam, Bacon 5 oz, 22x2 oz.
bars Chocolate, 4 oz.Checese. 9 TFeb.& Eggs, 4 Oranges, 2 Apples. 12 Feb., 4-1b.

Jam, 12 oz.Corned Beef, 16 oz.Dried Milk, 17 Feb.40 oz.Chocolate, 8 oz. Dried

Egg, 12 oz.Corned Beef, 8 oz.Bacon, 16 oz.Dried Milk, & Soup Powders, 4 1bs.
Sugar, 8 oz.Boiled Sweets. 23 Feb. 2 1lbs.Steak, 4 Eggs, 8 oz.Luncheon Meat,

2 Cans Beer, 2 tins Peaches. 26 Feb. 1 Egg, 2 oz.Bacon.

1v.8




PLATE IV (5)
Snow-cat trapped in mouth of crevasse.

PLATE IV (6}
Probing for crevasses. The man in the middle is standing on a wall of safe ice between two crevasses. The man on the
left is testing the thickness of the crevasse lid on which he is standing.




(5) Sledging Routine

The sledging gear, the camping routine and the diet were the same
for everyone, and were the result of many years experience and develop-
ment by the members of the Falkland Islands Dependencies Survey,(¥.I.D.S,)
now the British Antarctic Survey (B.A,S.), and incorporated practical tips
and methods from all sources available from the turn of the century
onwards. Four of the members had already been on several previous
Antarctic expeditions with F.I.D.S., and the entire expedition routine was
firmly based on F.I,.D.S.methods. In addition, five members had experience
of other Antarctic or Arctic expeditions and one had been on the first
successful Everest Expedition. Four had no previous polar experience but
had experience with various other expeditions. All adapted well to the
routine and worked harmoniously together. The group was notably free

from internal strife.

The men camped in pairs using standard F.I.D.S. double walled
pyramidal tents with a seven foot square base and seven feet high at the
apex, supported by four very stout canes permanently fixed one in each
corner so that the tent could be opened and shut quickly and easily like
an umbrella. Internally the tent was gsix feet square at the base.

Entry was by a tunnel or sleeve through each of the two walls and each
sleeve could be closed separately or held open by tapes. There were also
tapes at the apex inside, to hold pot hooks for duffles, inner gloves,
socks, sweaters etc. to dry, and here a two inch rubber tube passed out-

wards horizontally through both layers of the tent wall as a ventilator.

A standard paraffin pressure stove (Primus) was used for melting ice
and cooking the rations and this also warmed the tént and permitted the
drying of clothes hung at the apex. The primus and cooking gear were
kept in a standard F.I.D.S.sledging box and the rations for two men for

ten days in a similar box.

The allowance of paraffin was two gallons for two men for fifteen
days in the summer when indeed it could often be made to last for twenty
days. In winter sledging, two gallons lasted from ten to twelve days.
This allowance permitted the deliberate drying of clothes as well as
cooking and is one of the most important changes in sledging routine in
the last fifty years. Formerly, in the days of man-hauling of slodges,
in order to keep the weight down, the absolute bare minimum of paraffin
was carried with the result that clothes and sleeping bags were never
dried out. As the outer layers of clothing are at temperatures well
below freezing point, ice forms slowly but steadily within them from the

freezing of insensible perspiration which of course is continually passing

1v.9




PLATE 1V {7)
Snow-cat and tent. Typical camp during crossing in heavy drift.

PLATE IV (8)
Camp on the Skelton Glacier in high wind and drift snow.




out from the surface of the dry skin even when no sweating is taking
place. (Burton & Edholm 19535, £ig.l7). IInder these circumstances the
gear got steadily heavier and disaster constantly threatened if there
was the slightest shortage of fuel (see '"Scotts Last Expedition" for
example.) Nowadays as the result of a heavier starting load of fuel,

always dried out at camp,

4]

the clothing in modern sledging techniques i
thus preserving its heat insulation - and the load gets steadily less

as fuel is consumad and no ice accumulates. The technique is safer

and more comfortable,

The first act when camping was to choose the tent site and stamp
the snow flat if it was soft, In the heavily crevassed areas especially
at the beginning of the crossing it was sometimes difficult to find a safe
area large enough for a vehicle and tent. Skig were worn continually
outside the vehicles in these areas. The tent was pulled out of its
bag, opened and the projecting ends of the four corner canes pushed a
foot into the snow. Safety from ths sometimes violent winds was given
by loading snow blocks on the outer skirt that projected horizontally
outwards all around the tent base. Several hundred pounds weight could
be quickly and easily built up if needed. Guy ropes gave a little more
room inside by pulling out each panel.

The "inside man" then entered receiving the ground sheet, two
blankets, two sheep skins, two double layer sleeping bags, and the
cooking and vation boxes from the outside man, who then attended to dogs,
sledges or vechicles, and cut more snow blocks as required.

A brush was always usa2d for cleaning snow off clothing and footwear
on entering a tent lest it melt on the clothing. Insirte the tent each
man took off his headgear, windproof trousers and anovak, gloves, outer
footwear and duffles and hung all these up to dry, A plume of steam
could often then be scon issuing from the ventilator. Most people then
sat in their double layer sleceping bag to cook, or eat or write, still
wearing underwear, shirt, pullover, socks and trousars. his was
partly for warmth and partly because thz only other working position
was kneeling which bacame quite painful after a time.

The evening meal was usually pemmican with potato powder or pea
flour and somc dried onion, sultanas, raisins, cheese or curry in a
vain attempt to vary the flavour, and tea to drink, Breakfast was
porridge with sugar, milk, butter and raisins and as much ligquid as
desired (usually tea), and the inside man then prepared a lunch of
butter and biscuits with jam or marmite, and two pints of water or coffee

or cocoa per person in a thermos. The edible portion of the T,A.E.
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sledging ration (as distinct from the water, salt and roughage content

- see Table IV(3) .contained 17.6% protein, 36.4% fat and 457 carbo-
hydrate. The daily intake per man from the basic sledging ration was
protein 124g, fat 255g and carbohydrate 323g. Daespite the high calorie

~

value of the dict its bulk was low and some felt hungry while not cager

o
]
<
[ S
@
63}
]

to finish thair pemmican., This passad off and the standard 2 man box

d every 10 davs was supplemented by issues of jam, chocolate, tinned
meat ete., as detailed in table IV(3), and by food provided for short
periods at Scuth Ice, and at the Amensden-~-Scott Base at the South Pole,
so that the deily intake rose from 4,110 Keal given by the basic issue,

to over 3,000 Kcal a day for rwch of tho crossing journey. During the

last two woeks a Madical
,000 Keal a2 day was issued and much extra food shared out. It is likely
that this was 211 consumad since another T,A.E, box was issuad three

a4
bzfore the journev ended (giving food ad 1ibitum), and it was certainly

consumed in at least onz tent, giving th2 enormous total for a faw days
at any rata of 7,000 lcal a dav. Even so the four subjoects for whom

0
weight records are available during thoe crossing all lost some weight

Urination and defzcation under normal conditions pres=nted no problem,

the sheltor provided by any sledze or vehicle bzing adequate an? the time

Ve 1

~

involved short since the diet produced a fairly large soft easily passed
stool. There was thorefore no danger of frostbite under normal conditions.
During blizzard conditions the absolute necessity of keeping the clothing

dry and not allowing open garments to £ill with drift snow necessitated

defecation in the tent, usually immediately before striking camp. An

l“‘h

ete

empty food tin was used for urination during the night and the very

o spill urina on a sleeping bag. Husly dogs

rt

greatest care takesn not

[}
]
(AN

are eagerly coprophagous and a loc doz in a two day camp will scavenge

widely and dig vp facces, presumably fou bulk, as the fat conteni eve

Jd

on a sledging diot is normal (sez Lewis H,E. and Masterton J.P.(1555),

Lancet II 500;and Ma Lewis H.E. and Widdowson T.M. (19.7),

U)
[
(u
('f‘
o}
s
[
.
el
-
[
[p]
P

Brit.Jl.Wucrit, II, 346-338)

An amusing phenomenon resultod from urination into recent snow, as
the snow melted and the urine ran downwards and froze. The wind soon
cut away thz adjacent softer snow (as in the wind carving of sastrugi)
leaving the hard ice behind like an upsid:z down yellow fivr ireo. These

were christaonad Uromitos,

The critical logistics of th2 crossing limited perscnal gear to
30 1bs (13.6kg) which allowed for spare clothing, a 'housewife' for
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sewing, tcbacco, chocolate, one book and o camera.

Pitching camp and breaking camp each took about an hour. Particular
care was always taken to close bags and boxes before passing them out of
the tent since drift snow covered ceverything on the sledges and penetrated
all openings.

Owing to the long hours of driving, sleeping time became less during
the journecy, dropping at the end to 3 hours a night from an average of
over 7 hours at basa. Scientific work during the crossing had to be done
during thies period otherwisc available for sleaping.

Temperatures in the tents rose from ambient to +40°C. at the apex
within minutes of lightingz the Primus. Toz air temperature at Im
measured cver periods of 40 minutes on 14 occasions during metabolic
measuremonts rangad from - 1°C to + 15°C and depended on whether the sleave

the Prinus had been burning.

entry way was opon or closed and on how long
The avorage was 5.1°C. The temperature fell rapidly as soon as the stove
was out an ¢ was usually between - 10°C and - 26° C on waking. Ice

collected in the blanket (of synthetic material) placed vnder the

i
sleeping bag duringz the night and a lessor amount collected in thoe sheep-

skin, and this was removed by shaking cach day. Ice also collected in

the opening of the sleeping bag and it was found convenicent to fill this

[

opening with a vary loose woven dish cloth material, loosely arranged.
The water vepour in the exhaled air condensed to ice in this open mesh
rather than around the neck of the slceping bag and was more casily
removed. Moreover inspired air was warmed on passing in through this
crude heat exchanger and the face, especially the nose, was certainly
warmer than without the arrangement. Those who simply withdrew into
their bag and closed the neck without any such device had considerable
icing up of the necks of their sleoping bags. Slezp was always inter-
rupted by turning over since a conscious cifort was neaded to turn over
in these¢ heavy bags.
The windows of the Snow-cats also iced up inside and had to be

scraped regularly. Cab temperature depended on whether the windows
were open and the only actual measurcments available are - 25°C and

30°C on entering, and 2.5 at head level rising over an hour to +3°C
The cab floor was always well below froozing poink. The tents gradually
icod up especially during the later pari of the journey betwzen the South

ude rose to & maximum of 3,015m.

rt
[
[

Pole and Depot 7G5 when the al
Several members had painful celd-cvacks on the fingers. These hzaled
rapidly in the last days of the journecy, when the temperature rose as

3

the party descanded soma 2,500m down the Skelton Glacier. The ice and

Iv.12
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rime on the lower part of the tent walls, and that insidc the Snow-cats

Koy
i

dvopped off durinpg thes:e last
Probably the most importent thing was to keep the clothing clean and
dry, since domp clothes freeze, and leak heat. This also meant koeeping
the tent finor and sleeping bass clean. Another important factor to
remember was the much increascd time necdad f£or even thz simplest tasks

3 N £

while encumberad with polar clothing, and the great difficulty of

)

cate movements, or even writing, whilce wearing

e

te del

performing accus:

o

b

=
i

several layers ol

slcves.
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INTRODUCTION

Lach man completed & deily record of the clothing he wore
outdoors by ticking & list on his sleep card, on which he also
marked his sleep for the night before and his activity, and

whether he wes working irndoors or outdoors. (Figsure V (1))

The conditions during the crossing were strenuous. Driving
was often difficult or dangerous because of sastrugl or crevasses,
and blizzerds, whiteouts, drift and low temperatures added to
the dif "iculties. The working day was very long, often sixteen
hours, end sleeping time wos restricted; averaging six hours.

On pitching camp &t the end of each day's run, the natural wish
was for a quich mezl end then to zet to sleep as soon as possible.
Observations &nt measurcments or experiments done in camp were

in fact done in time which could heve been spent sleeping, &nd

it is not surprising thot activities not egssenticl to survivel
(suoh s £11ling up sleep cards) were not always performed with
enthusizsm. Records for one man are completely missing for

the lest six weeks. On averzge, for the remaining eleven men,

not more then four or five days ave nissing for the crossing

thr

period of roe months.

The spéce on the record card for the activity was not large
enough; end unfortuni tely cctivity records have been missed out
for some days by some of the men. As fir o8 possible, evidence

of their zctivity has been collected from other sources such

o

as diaries, tenting pertner's rccords and the log of the journey,

and tle deficlencles thus nade good.

If the clothing records were not completed for a certain

day, then that dey has becn ignored in 21l work using regression

Gy

P I~

analysis. In & case wherc there ig no informetion cbout & man's
activity, light work has been ausumed. Activity information

is missing meinly from the crozsing, and it has been assumed
unless sn activity has bsen filled in thet the men were either
driving & vehicle or trzvelling 25 & passenger. This is in

T
fact 2 safe assumption since the activity was the ssme, day
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after dey, #nad wss not filled in repetitiously for thet
reason. then other activities occurred; then the activity of
the whole party changed (since 211 the vehicles kept together)
and is recorded in other sl ep cards, diaries and the official
log kept Dby the lecader. For exempls, when crevasses were
wet end prcbing had to be done, the whole party undertool the
work. In the early spring, before the wein crossing sterted,
there were scvoral parties working in the field, including

he route finding party, cund these vll kept cdequate separcte
activity wecords. Further det=ils are given in 'The Crossing

of &nterctica! by Sir Vivien Fuchs end Sir Bdmund Hillary.
(2) CLIIZATIC Difiw

Temperaturs, windspeed, cloud cover, altitude ¢nd drift
records ere aveileble for the whole of the period in Antercticsa.
(La Gronge 1963) No werther records are aveilable at
Shackleton for Wovember 1957, but the American stetion at
Ellsworth is only & few miles from Shackleton, and westher
records were mede thore Trom July 1957 until Decembrr 1958.
('Climatologicel Deta for anteretic Stetions' July 1957 to
Decenber 1953, FWumber 1. U.9, Devartnent of Commerce, Westher
Bureauo) L comporison of ths tewmperstures ¢t Shacklcton with
those &t Ellcwvorth for July, Lugust, September ard October
1257 =hows &n agrcemany within 1OC° The tempercture at

Ellsworth hos therefore been used 23 approvimating to the

tempercture =t Shackleton for

The sleep records showed the extent of the working dey.
The tempereture for the day was token as the average value
over the period when the moen were not sleeping, end a sgimiler
value wes teken for the windspeed, cloud cover, altitude and

drift.

Radietion end Cloud Cover

Inconing rediation cen be a very importent factor in
personel comfort ¢t verious timesp(Chrenko & Pugh 1961)
Tevi ocecasions when members worked

For example, there were a fe

stripped to the weaist &t low temperetures because there was




blezing sunshine ¢nd no vind. The smallest cloud or = breath
of wind caused hurried dressing. Cloud cover &nd incoming
¥.dietion cre obviouzly linked, and #lthough reédistion records
for the period of the crcssing cre not complete (owing to the
malfunctioning of the instrumsnt) there cre full records of
cloud cover for the entire period. Cloud cover was measured

in eighths.(C = no cloud, § = cowpletely overcast)

4 correlution of totil solar rediztion znd cloud cover was made
for & period of three months when continuous records for hoth
vere avsileble, and the corrcletion weas found to be significond
at the 1% level. For the anslysis of the crossing data, cloud
cover wes therefore used &s ean indication of the radiant energy
folling on the wmen. It wes not used for the enclysis of the

bese deta.

Sunshine

Daily number of hours of sunshine cre available for the

veriod of occupr tion of Sheckleton ¢nd South Ice Bases.

Drif%
Looss surfece gnow moves in the wind, ¢nd is very unpleascnt
at head level, znd drift was thereforc recorded as low drift or
4

hipgh dri For the purposes of this analysis, drift has been

aivided into the folloving cetegoriesy—

i

no arift

il

low drift susteined over the day

Hi

lov end high drift on the same day

it

G
1
2
3 hipgh drift susteined over the day

CLOTHING

The men were ¢ble to choose from the following list of
clothing. There wes cluays enough clothing to choose from.
A very few articles wore added et the South Pole. Spare clething
vas cerried on the crossing and the nen were able to get
replacement articles of clothing if thelr girments becanme badly
soiled c.g. with 0il or grease during vehicle mainteinence.

(although several men kept e specisl outer garment for this

V.3




dirty job) On the crossing it wes extremely difficult to
change the clothing during the day, and so whot was donned in

the morning was worn for the whole day.

Clothing Description

Hends

Heevy duty loven - Leather; reinforced; clumsy to use.
"”rl l J”]f\ o oy jaa! oTe 3 oyt - oot ' o
R vacr loves Shorter; lighter; still glumsy to usge.
Joolle 7 o liwiae Thumb end one finger separate.

wWoollen felty only thumbd separete.

11 fingers separatedy; used briefly
mhll& manipuleting instruments out-
doors,

Wristlets (R...7. iszue) Fingerless,knitted wooly very useful.
t

oollen nitts ¥ot popular.

Peet

¥oollen felt;, three sizes to be worn

=

ingide each ouher s a8

Duffle slippers

D

.
2T e

0]

foollen sock

Woollen seaboot otockings
Mukluk duffle inners’

Hukluk duffle outers .

Ankle length.
Thick knitted woolj

Hoollen felt; inners

knee length.

and outers

worn together inside mukluks.

Canves tops with rubber soles.

Used inside muiluks.

licccasins Soft lecthery excellent at low
tenpers tures.

Plastic insoles Used inside moccasins or bootg.
Ski boots Leather with thick rubber solesy
ot suiteble for very low temperatic..
Heed
Balaclav: Woollen knitted
tFurt hat Sheep skin lined leather with flaps

tc cover cars.
Woollen hat Knitted ski cap

Obligatory et 2ll times outdoors;
blocks ultra violet light.

Quite unsuccesszful; abandoned.

V.4




Upper Trunk

Duffle inner anorel

Outer anorels

Sledging anorak

Dovin anorck

String ves

Woollen vest

Lerten vest

Woollen shirt

Cotton shirt

Pyjeme jacket

Blue seamen's jersey

Khekl jerse
TWhite Jersey

Woollen scarf

1

h

necar

Lower Trunk

Lerter underpants
Stort undorrs nts

Long underpents

Prrjams trousers

Bettledreze trouscrs
Windproof {trousers

Down trouscrs

-

Description

Rerely used.

Windproof cotton ventile with hoods
worn at basc only.

roughly the sene as the outer anorsk
but with wolverine fur edging round
hoody a better shape end with zip
pocketsy the universal outer germent.

Quilted windproof cotton,filled with
downy worn at base only.

Cotton; very important basic garment.
Short sleecved.

Morce popular than wool.

Cottone.
Thin woven wool with a 'V' neck.

Wool with e round neck, army issuey
very popular.

Thick knitted wool with & roll necks
royael Wavy dSubncrine issue,

ot much used.

Loose knitted dish-cloth type
material; often used.

Universally used.

Short le

m
0o

gedy; thin woven wool.

Thick knitted tightsy wooly
excellent in extrome conditions.

Cotton

Thick wool; army uniform typey
universally worn.

w2

Cotton ventile, obligatory outer
carment.

Quilted windproof cotton filled with
downy occasionelly used, at basec
only, matched down anorak.

Sce Plates V (1), V (2), V (3) and ¥V (4) for illustrations

of representative clothing assemblies

1\79 5




Plate V (l) shows thc subject wearing a kheki jersey,
battledrcss troussrs and moccasins. The usual underclothing
would bes— string vest, short aertex underpants, cotton or
wool shirt, socks, ¢nd duffle inncrs under the moccasins.

In severe conditions long underp: nts were worn.

Platc V (2) shows a dark colourcd windproof sledging anorak
with wolverine cdging to hood. The waist is loose cnd not
tucked in end the hood draw string is half tightencd.
Tindproof trouscrs are shown with the cnklce closed by a
tepe around the cutside, closcd over the wmoccasine. Both
encrok ¢nd trouscrs arc petched ¢nd hed been worn for
over a yeazr. The heavy duty sledging zloves are attached
to & lamp wick harncss to prevent loss in high winds.

Snew roggles complete the assembly which is worn over the
clothing shown in Plate V (1). A hat is worn under the
anorck hood, 2nd woollen (sloves and duffles under the

heavy duty leathcr gloves.




Plate V(1)




Plate V (3) shows shecpskin 'fur' hat, light coloured

anorak witl hood down, draw stringss loose, not tucked in,
and heavy duty sleding sloves. Light colourad windproof
trousers ars shown, worn outside wmukluks on one leyr, and

insids on the other. Both arran cernents were used,

Plate V (i) shows a dowvn filled enorak and down filled
trouscrs, worn over other clothinge The hood is up over
the head and all the draw strin:s except that around the
hood are drawn firu. The hood has & canvas ecxtension to
help shield the face from wind. Heevy du.y sloves,

noccasins end snow goccles complete the assenbly.

L
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PlateV (3)

Plate V@)




Crossing party at the South Pole 19.1.1958 wearing typical outdoor clothing (except for snow goggles).




WEIGHT AND PaT THICKNESS

The fet thickness awl weight records were made on most
subjects each month for the ten month period at base, and some

measurements were made at the South Pole during the crossing.

The subjects wers weighed nude, in kilograms. Weighing
was carried out late at night before going to bed and after

enptying the bledder.

At base tn accurate weighing machine was used, but on the
crossing only a light weight spring balence of the bathroom
scale type was avellable and was found to be of low accuracy.
The logistics of the crossing were absolutely critical and

heavy apparatus could not be carried.

The fat thickness was measured on five different points

in tenths of & millimecbre on each subject. The points weres-

(1) Outer arm, between deltoid insertion and elbow.

(2) Front of chest, laterzl clavicular line opposite nipple.
(3) Abdomen, paramedian betwesn costal edge and iliac crest.
(4) Outer leg, one third way down thigh.

(5) Subscapuler point.

The mean fzt thickness was taken as the arithmetic mean
of the measurements on the five sites. The cazlipers used were
simple engineering calipers with flat measuring surfaces
(6mm x 15mm) celibreted in G.2mm divisions which could be read

to O.lmm. They exerted & constent pressure of 15 g /cm 2

SLTEP

Records of sleep were kept by each man for every night
using the sleep cards. (Figure V (1)) The page starts at
midday on Sundey and ends et midday on the following Sunday.
The records made smave the time of going to sleep, the time
of getting up znd the interruptions of less than half &n hour
during the main period of sleep. Prom this, the total number
of hours of sleep per night ware calculated. The records

also #ve the 'cat-naps' during the day.

V.8




(6)

ACTIVITY

Although measurements were made of energy expenditure
under different conditions, measurements are not aveilable for
&ll the meany different types of zctivities which the men under-

took during their period in Antarctice.

The activities heve therefore been renked into five

different groups.-~

(1) srteepin, © (1.2 Xeel/nin)
(2) sisting . (1.9 Kecal/min)
(3) Ligus-—-= (3.2 Keel/nin)
(4) Medium work (5.6 Koal/min)

(5) Heavy work (10.0 Keal/min)

he following list gives examples of the activity groupss-—

Examples of 2

Flying
Radio work

Travelling

i5y)
w
L
)
)
w
M
o]
7
w
3

Laboratory work

szemples of 3

Vehicle work including workshop repzirs, vehicle maintezinance,
greasing znd welding

[

Photogrephic work and filming gencrally

Meteorological observations outdoors

Driving

Bxanples of 4

Hut building

Crevasgse probing

Seismic survering end shooting
Glaciology

Flaeg placing when driving in whiteouts
Brake man on the last sledge of a series
Generel duties

Carpentry outdoors

Preparations of vehicles, planes, refuelling




Dog sledging

Lozding end packing sledgoes, vehicles, planes

Digging or tunnelling, d&i,ging up sledges or stores,

Sawing snovy, drilling snow

7

Seal hauling (czrcesses)

[}
W
=
¢}
™
w
[}
®
o

Sevring ¢nd cutting frozen seal

pit digging

V.10
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fan

THERMAL IWSULATION OF CLOTHING - COH3IDERATION OF HOTHODS

Before any work could be carried out on the clothing data,
gome method of ectimating the insulation of the clothing
assemblies actuzlly worn by the members of thi: ezpediticn in

the field had to be found.

Four methods avzilable for the mecsurcment of clothing

insuletion were considered. (Eewburgh 1949; Goldsmith 1960)

(a) The thermal insulation of single loyers of febric can be
measured using an applicetion of Lees' dise apparatus.

(Morris Go Jo 1953) This however would preve unduly destructive
because of the necessity of cutting up the clothing. Records
already exist for the insulation of many types of febric, but

it is not possible to combine the individual insulations unless
the febrics have smooth surfaces. (Morris Mary Ann 1955)

In any case, the insulation of the multiple layers making up

a clothing asserbly is not necessarily comparible with the
insulation of the clothing assembly when it is worn on the human

body.

(b) Siple end Cochren's (1944) technigue of measuring the
circumference of the liwmb of & min wearing several lajrers of
clothing so as to estimete the total thickness of dead air
enclosed, tnd thereby estimating the insulation of the assembly,
wes also discarded pertly becazuse of the time factor involved

in carrying out nmessurements for every possible clothing assembly
worn by &ll twelve men on the crosaing, and partly because of

the variations in circumference during activity.

(c) The nuriber of layers of clothing in en assembly can be

counted znd the Ffigure teken as relaeted to the thermel insulation

of the clothing szssembly, znd this method has been used empiricelly
by

e
by Goldsmith (1960) and later Palmei (1662) and Lugs (1965).




(2)

(d) The measurement of the 'cle velue' of whole clothing

assemblies on a heated mennikin is e lengthy process, each
meesurement requiring cpproximately oune working day. The
necessary epperztus occupies eén entire building with ifts own
stoff, ond few such institutions evist. (Kerslake 1564)

We were evtremely fortuncte in heving twenty eight clothing
assemblies measured end the deteils of these measurements are

given in Section VITI.
SLLTHOD SHOLTT FOR DRDLITOIVRY CITADYSIS

It was decided thet & 'clo velue! anelysis of as many
clothing assemblies ¢s poasible wes highly'desirable5 and
method (d) ebove wes set in motion., 4As this would obviously
introduce & considerzble delay, it was decided to carry ocut =
prelimincry analysis of the clothing date in the mean time,
using method {c¢), & simple 'number of leyers' count as a mecsure
of total thermel insulation. This had the added zdventage of
neking possible & comparison of the merits of a full 'clo value!
analysis as agfinst & simple layer count, o comparison apparently

not hitherto made.

Sount for Prelimin

Tumber of Layers

The body wes divided into four sections:-
(2) upper trunk
(©) lower trunk
(¢) feet
(d) honds

The layers ifor the individual sections were counted, ¢nd
the figure obteined wes teken s directly related to the
insulation of the sections. The 'total number of layers! on
the body wes also used as a number related to the insulation
of the whole assembly, ond this figure always included the number
of layjers worn on the head., Germents worn in pairs, such as
gloves end socks were counted ez one garment in 11 these layer

counts.

VI.2




(3)

In this preliminery ¢nalrsis, windproof enoreks nd down
znor:ks were counted as tvo layers bacause of the extreme
importence of the ~uter leyers - if windproof - in conserving
heat. In later anclrsis, further weighting of special layers
of clothing was inveutigated end related to the actual 'clo

t

ve.lue! meazsurements when these becane aveilable.

ARALYSIS OF CLOTETING DATA

'

Sectuse e personal erposure of individuals to harsh
environmentel conditions wes longer ¢nd more severe during the
crossing then at base, it might be expected that evidence of
acclimatization would be more marked and easier to detect
during this period then eny other, ¢nd therefore the crossing

data was anelysed first.

Croszgsing Date

The number of layers ¢f clothing for each man for each day
of the crosasing wes calculzted for each section of the body.
A1l windproof znoreks were counted s tvo layers. The average
nunber of leyers of clothing on the hends for the whole group
was then calculated for each week of the crossing. Similarly,
the aversge number of leyers worn on the upper trunk, lower
trunk #nd the feet were calculeted Tor the whole group for each
week. An aversge '10tl1 number of leyers' for each week was
-2

Tig

gure also included the average
b

also calculated, ¢nd this last
nunmber of layers worn on the head by all members during that
tine.,

#or the preliminary work on the dats, it wes necessary to

conditions in the form of &an

&
bt
[l
3
o
]
o

have sowme mecsure of the
index, in order to compare days of zimilar weether conditions
more easily. The best aveileble index is Siple's wind chill

factor, which is & function of windspeed end air temperature.
(siple ¢ Passcl 1945) Wind chill is the rete of heat removal

frowm the humen body by wind =nd temperature difference, znd the

formula for it was calculated empiricelly by Siplea
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Marek, 1951.
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Figure vi(i). Nomogram of wind chill scale. (From Consolazio, Johnson and

By courtesy of the C. V. Mosby Company)
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The formule used igs-

H = (F = 100 + 10,45 = v) (33 = 7))

Wi .ve = cotling power of-the atmosphere in kilogram
colories per square metre per hour

v = wind velocity in metres per second

T = tempersture of the eir in degrees centigrade

o

Tigure VI (1) gives the nomogreim of the wind chill scales
0 o

There has been criticisw of the theoretical hasisg of. -
. 4 - — - .
Siplets work, {Court 1948, Burton & Edholm 1955, iolnar 1960)

of usinz Siple's wind chill

ind one of the mein dise
inder is thet it takes no account of the sun's roediation.
Sinle's wind chill Tactor wus cizlculated for easch dey of the
crossing.

Craphs of clothing worn #geinst time, wind chill against
time and tempercture cgeinst time were plotted for easch of the
men for the crossing period. Grephs of clothing worn ageinst
temperature, 2nd clothing -worn sgyiinst wind chill were also

dravn. The oim of thesge gr phs wes to give & genersl under-

[

steading of the datse before a wmore complicated enalysis ves

carried out, he correlstion between the nuuber of layers worn

and wind chill wezs cealculeted.

Base Date
For the period at Shackleton Base, i.e. January 1957 to
November 1557, the monthly avercges of temperature, wind cnd
wind ¢hill were calculated ¢nd presented in grephic form zlong
with the monthly averagrs of the 'totcl wumber of layers' of
clothing.
The correlction between number of leyers and temperature,

and the corvelation betwesn nunber of leayers ond wind chill was

then calculated,.

The prcliminery znalysis of the base data wes not carried
out in as much detzil ss thet of the crossing data. Monthly

evereges were only used to save calculation tinme.
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The heet losgs from the body vie the skin is in part by
rediation «nd convection, #nd in part by eveporation of water.
If there is no active sweeting, Tthe oveporation loss can be
teken s & constint Trection of the whole., The thoarmel insulation
of clething 1s concerned with the non-eveporative heat losses

. A

from the body, nd is given by -

>

Top I, = (Bg-1T) 8 (vIT (1))

where Icl = the insulation of the clothing

I; = the insulztion of the cir

TS = the tempersture of the skin (or surface of
mennikin

T; = the ambient zir tempereture in OC

H = the rete of heat loss in Keal/hr

3 = the surface avea of the body in squere nmetres

The thormel insuletion of clothing is usually measured in
'clo unite'. The definition of the clo unit in trrms of

fundementsl units io: -

1 clo = 0.18 C
75
Keal/n/hr

The Tactor 0,18 wes derived from the following conditions.-

. . e 2
Metabolism of a rcstlng/31tt1ng na = 50 Kcal/m /hr

Therefore heat loss of = comfortobly o
. N . ©oe /<
dressed, resting/sitting man = 50:Kcel/m /hr

(indoor embient tempert ture 2100;
2ir movemont 10 cm/sec, relative
humidity less than 50%)
\ ; . 2
Allowing 25% of 50 hcal/m /hr for the
eveporetive heat logs, then the non-
eviporative heat loss of o comfortebly 5
dressed resting/sitting men = 38 Xeal/m“/nr

Average skin tempereture of ¢ o
comforteble man = 33°C

Vil .1




Inserting these vrlues in eguation (VIT (1)), we haves-

o G
ICl + IA:' 33 ~- 21 C = 0.32 C
38 Kcal/mZ/hr Kcal/mz/hr

However; undcr these conditions of =zir movement, humidity

end tempereture

7

(Winslow, Ceggem & Hervington 1540)

Thercfore jI_l = 0.32 ~ 0.14 °a
(o -
Kcal/mz/hr
Therefore 1 clo unit is
defined esi-~ 0.18 °c
o)
Kezl/m™/hr

The 1illustration of the clo unit is usually quoted in the
following form:-
"One clo unit of thermsl insuletion will meintein 2
. s . . 2
restlng/81tt1ng men whose meteboliam is 50 Kcal/m /hr indefinetely
. . 0 X . qs
comforteble in en enviromment of 21 °C, relcotive humidity less

then 50%, end eir rovement 10 on/seccH

Thiz subject is usefully discussed in deteil by Burton -nd

"ifen in & Cold Environment" (1955%)

The thermel insuletion of & clothing ossembly cen be
measurad on & hected mennikin, and, ¢lthough there hasg beon some
critioism of the method, it remeins & very useful tool for
comparing the insuletion of different assemblies, ¢nd cuts down
much of the inconvenience invelved in doing similar tests on

humen beingu. (Wickett & Soper 1956)
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(2)

e

Twenty four clothing asscnblics were scnt to the Wright-
Patterson Air Force Base, U.5.4. for 'clo velue' analysis of
the total essewblies. Tour basic clothing assenmblies were
tested ¢t the R.A,P. Ingtitute of hAvietion Medicine, Farnborough,
ongland, undeyr different conditicns of windspeed, end clo velucs

were calculated for each section of the body.
TORK CARRIFD OUT A7 "WICAT-PATTRRION AIR FORIY BASH

cgseiblies sent to the “right-Patterson

sisted of twelve paiwrs, cach pair (4 & B)
repregenting ¢ merimun end minioum clothing assembly worn by
ezch of the twelve men on the crossing. A list of the twenty
four clothing assemblies is given in Tadle VII (1). Further
descriptions of the articles of clothing tested are given in

Section V (3).

Th

& stending thermal copper men. Thot

ol
<t
@
0
<t
(o]

aurface arca of the copprer mennikin wes mainteined ¢t 2 uniforam
tempereture by adjusting the “norgy supply to fifteen separate

clectrically heated surfocse areos,
The combined insulztion of thce clothing and the gir w
then czlculsted from equation (VILI (1)).

clo units

<o s . X o
(0.18 i3 the couversion foctor from C .
to clo units)

N 2
Keal/m /by
The insulction of the cir wes then subtroceted from the colculated

figure to give the insulation of the clothing assenbly 1
o <) [ o C‘l

Teble VIT (2) gives o list of the clo velues of the
assemblies tested with the renge of temperrtures and wind for
the days when the clothing was worn. Fach clo velue given is
the mean of two readings. The insulation ¢f the assemblies
t

ested, ronged from 2.76 clo units %o 1.36 clo units.
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16| 2a] 3A) 4A| SA| 68| 7A] GAl 9A ! 1oa| 11A| 124 |
Hands
Silk Glovas 1 - - 1 - - - - - - - -
Woollen Inner Gloves 1 1 1 i 1 - 1 - i - i 1
Heavy Duty Gloves 1 1 1 - - 1 1 1 - 1 1 1
Woollen Viristlets - - 1 - - - - - - - 1 -
Duffle Innzr Gloves - 1 1 1 - 1 1 1 1 1 - i
Woollen Mitts - - - 1 i - - - - - - -
Ski Leather Gloves - - - 1 - - - - 1 - - -
Fret
Short Woollen Socks 2 2 2 3 2 2 2 2 3 2 3 2
Plastic Insoles 1 - 1 - 1 - 1 - 1 - 1 1
Felt Insoles - 1 - - - 1 - - - 1 - -
Dufile Slippers 2 -1 1y -1 1 1211 - 2 -
Moceasins 1 - 1 - 1 - 1 - 1 - 1 1
Mukluk Duffle OQuters 1 1 - 1 1 1 1 1 1 1 - 1
Mukluk Duffle Inners - 1 1 1 1 1 1 1 - 1 - 1
Mukluks - 1 - 1 - 1 - 1 - 1 - -
Ski Boots - - - - - - - - - - - -
Head
Balaclava 1 1 - 1 - 1 1 i 1 1 - 1
Fur Hat - - 1 - 1 - - - - - 1 -
- i S
Uppdr_Trunk . o .
String Vest 1 1 2 1 1 1 1 1 1 1 1 1
Woollen Vest 1 - - 1 1 1 1 1 1 1 - 1
Woollen Shirt 1 1 1 1 1 1 1 1 1 1 1 1
Thick Woollen Jersey 2 13 2121111 2 20 2 |2 2 1
Sledging Anorak 1 1 1 1 1 1 1 1 1 1 1 X
Scarf 1 - - 1 1 - 1 1 i 1 -
Cotton Pyjama Top - - 1 - - - - - - - - -
Lovar Truslc e -
Short Wocllen Undevpants 1 - - 1 1 - 1 1 1 1 1
Long Woollen Underpants 1 1 1 1 1 1 I -1 1 2 1 1
Battledress Trousers 1 1 1 i 1 1 1 1 1 1 1 1
Windproof Trousers 1 1 1|1 1 1 1 11 11 1 i
Cotton Pyisma Bottom - -1 - - - - - - - - -
H
Clo Values 2.3% 2.64 2.76 247 2.48 .33
2,42 2.3% 2.3 2.14 2.56 2.36
Table VII (la) Clo Vzlues of A¢semblies Tested at Wripght-Patterson
Air Force Base, U.S.A.
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I | 1n| 2B| 3B 4B, 5B| 6B, 7B OB | 5B 10B| 11B; 12B
Hands ! P i ! !
Silk Gloves e
Woollen Inner Gloves -l -1 ]-11 1 |- = = |~ - -
H
Heavy Duty Gloves 1 1 i 1 1 - - 1 1 1 - 1 -
Woollen Wristlets - - i 1 - - - - - - - - -
Duifle Inn2r Gloves - - ’ - - - - 1 1 1 - 1 -
Woollen Mitts - - ; - - - - - - - - - -
i
Ski Leather Gloves - - - - - - - - - - -
Feet
Short Woollen Socks 2 2 2 1 2 2 1 2 2 1
Plastic Insoles 1 - 1 - 1 - - - - -
Felt Insoles - - - 1 - - 1 - - - - -
Duffle Slippers - =-t1l -1 2|=-1=-71 11 - - -
Moccasins - - 1 - 1 - - 1 - 1 - 1
Muklulr Duffle Outers - 1 1 - 1 1 - 1 - 1 - 1
Mukluk Duffle Inners - 1 - 1 - - 1 1 - 1 - 1
Mulluls - 1 - 1 - 1 1 - 1 - - -
Slti BRoots 1 - - - - - - - - - 1 -
Head
Balaclava 1 1 - 1 1 1 1 1 - 1 - 1
Fur Hat - - - - - - - - - 1 -
Upper Trunk o
String Vest 1 1 1 1 1 1 1 1 1 1 1 1
Woollen Vest 1 - - 1 1 1 - - 1 1 1 1
Woollen Shirt 1 1 1 1 - 1 1 1 1 1 1
Thick Woollen Jersey -1 71t -11 - 411 -1 1
Sledging Anorak 1 1 - 1 1 1 1 1 - 1 -
Scarf - - - - - - 1 - 1 - - -
Cotton Pyjama Top - - - - - - - - - - - -
- I . -
Lower Trunk
Short Woollen Underpants 1 - 1111 1] - i1 1 ]1 1 1 -
Long Woollen Underpants - 1 - 1 - 1 - - 11 1 - 1
Battledress Trousers 1 1 1 1 1 - 1 1 1 1 1 1
Windproof Trousers 1 1 1 1 1 1 1 1 - 1 1
Cotton Pyjama Bottom -} - - - - - | -1 - - - - -
i
Clo Values 1.78 1.64 1.90 1.94 1,6 1.7
1.%5% 1.¢ 1.68 1,956 1.36 2,35

e, | s o S e Lo s A

Table VII (1b) Clo Valuss of Assemblies Tested at Vright-Patterson

Air Force Base, U.S5.A.
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i subjncté 1o LVCTLge Lverege Avurege
| Assombly eet T Wind Wind €hill
§ Nunbor ! Vo luc (OC) (m/soo) (Kc&l/mz/hr)
| |
14 8 2.39 (Zo.0g ~31.4 5.4 1822
0 5 2,42/ (Lo,01) -26.0 5,8 1628
34 1 2.64 (20.02) -20.9 1.3 1108
44 11 2,39 (f0.01) | -31.4 5.4 1822
5L 2 2.76 (20.05) 26,7 2.3 1390
6. 12 2.34 (L0.02) 22,4 4.4 1457
7. 4 2.47 (L0.08) 30,3 7.2 1904
8. 9 2.14 (Zo.01) ~30.3 7.2 1904
9. 6 2.:8 (f0.0%) -27.5 5.3 1680
102 3 2.56 (Lc.07) _28.2 6.2 1794
114 19 .33 (L0.05) —27.1 2.2 1387
120 T 2.36 (fo.0) —24.1 1.5 1299
1B 8 1.78 (=0.15%) - 7.5 3.9 846
2B 5 1.56 (£0.01) — 8.3 9.0 1299
3B 1 1.64 (20.02) ~16.6 1.6 1066
43 11 1.90 (I0.06) -11.0 7.7 1342
53 > 1.90 (L0.03) ~17.2 5.2 1408
6B 12 1.68 (£0.03) ~12.5 0 475
7B A 1.94 (20.06) ~16.6 1.6 1066
88 g 1.96 (Z0.02) -~ 3.9 3.9 950
93 6 1.60 (20.04) ~15.3 6.2 1407
10B 3 1.36 (L0.02) ~20.9 0 555
113 10 1.70 (Z0.01) - 83 g, 1299
123 7 2.33 (Z0.17) -16.6 1. 950

T bic VII (2) The Cio V:ilucs of the .assenblics Tested ©t the

Vright-Pr tterson Air Foree Bose with the wverdge Temper: tures,

—_—la

Yindspecds "nd Tind Chill Velucs on the Doys whon the Clothing
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The averzge value of the assenmblies in the 'A' group as 2.4

G.16) =nd the zverage clo velue of the assemblies in

o L+ ,
the 'B' group wes 1.8 (S.D. = 0.21). It can be scen that the
averzge difference betwesn the 4 o groups is 0.6 clo units, and

this gives &n indication of the difference in the insulation

of the meximum -nd minimum clothing @ssemblies which were worn
the men on the crossing.

The teble cnd th: derived clo velmes show ths considerable

<

increase in thermel insuletion given by the wearing of long

underprunts. This was well rccognisdd by the men during the
cxpeditisn, end reflected in ¢ telegrem, widely publicised

at the time, and sent by the members of the &dvence Party on
first establishing wireless communicati:n with “the outside world,
Heving survived unusuclly hersh envircnmentsl conditions during

the fivst winter, thelr first nessage ended "Long Johns for EBver.”

Layer Counting

ol

The number of layers in each clothing assembly was counted

using the following groupifnigss-—

(1) A1l gorments 1 leyer

(2) ‘fnortk 2 l-oyers; 11 rcmeining germents 1 layer

(3) Anorrx 2 leyers, windprooi trouscrs 2 leyersy all remaining
germents 1 leyer

(4) fnorck 2 layers, long undzrpents 2 layersy all remaining
grriments 1 layer

(5) Lnorrk 2 leyerg, long underponts 2 leyers, windproof
trouscrs 2 layers, «ll remeining gzrments 1 lisyor

(6) Lncrck 2 layers, long underpcnts 2 layers, windproof
trousers 2 layers, wocl vest 2 layerzy &ll remaining
gorments 1 layer

(7) dnorek 2 layers, outer gloves 2 layers, ¢ll remaining
rments 1 layer

(8) fnorzk 2 layers, outsr gloves 2 layers, lony underpants
2 laycrss =11 rowrining germents 1 layer

up, the regression of clo value on 'totel number
of layers! vas calculated. The regression of clo value on 'totel
nunbcer of layers' counted as in group '1' gave a correlation

. 4 significent improvement in the

@s]

coefficient ¥ of 0.6
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corrclation was nmade when on out. r cnorcl was counted as two

leyers (group 2) (» = 0.83). However, the best correlation

[

n the 'total number of layers'! were counted

was obtiined
BT
es in croup (5) (¢norsk 2 leyers, windproof trousers 2
leyers, long underpants 2 leyers) (®izgure VII (1)). In this
case the corritlstion cocfficiont was 0.87 :nd the standard
error of estincte waes 0.15. This means that in predicting
the clo velue of en assenbly fron the 'totel number of layers!
in tho assenbly (oountﬁd as in sroup 5) we would be correct
95% of the time in cleiming thet the .stimeted value lies
within 0.2% of the actucl voluc. The resression equation in
this casc was. -

C = 0.078L + 0.6

o

wacre G = clo velue of assembly;

'totel number of layers' in assombly)

=t
I

e

The prelimincry enalysis of the clothing deta was

carried out before these cle velues wore available, «nd the

]
[

cutsr 2norck wes counted os two lavers becazuse of the obviocus

importince of the outer windproof leyzr in conserving heat.

The results of this section confirm this first empirical
apprcache.

TORK CLRRIED OUT AT R.L.F, INSTITUTE OF LVILTICHN MIDICINE,
FLRUEBOXOUGH

several teste werc carricd out et Farnborough using

[

their hented iron nennikin. (Horsleke 1964) mannikin

into eighteen scctions, sach of which is controlled
el

so th:zt the reloticn betreen locel surfece teupers turcs and

:at loss is the seme 28 thet deternined experimentally

—
O
(@]
&
et
oy
o

. . . 0
on & hum'n subject whosce mesn skin toemper:ture is 33 °C.

letion of the clothing ¢ssemblics was determined

nsu
using the followin . cgquation: -

Icl = TS - Tcl x 3 clo

i 0.18 (viz (3))
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where I = Insulation of clothing esscmbly

) cl
. . 0
T, = 4&versge temperdture of clothing (7¢)
. . o o
T.. = JLvercge skin tempercture of monnikin C
3 =4

sl = Rote of hoat loss from mannikin in Keal/hr

. . s 2
S = Surfece prea of pennikin (n”)
o 1
1l clo = 0.18°C
. 2/
Kcal/m /hr

This eguetion is diffcrent from equation VII (1)
t

t
because in thz Fernboroush tests, ocutside clothing tenperaturcs

werc measurced. However, the ambient ¢ir tempercture was also
measurcd cnd thers was no significant difference in the
thermel insulations of the asscmblies tested when they were

celculated using egustion VII (1) =nd equation VIT ( 3)

The insuletion of the upper trunk, lower trunk, fect
and hand clothing was also celcualeted for cach assembly using
the samc fomrala s gbove, but with the valucs refcrred 1o
the individuel sections of the asscmbly., Tables VII (3) to
VIT (6) give the results of these tests. “Then calculating
the insulaticn of the totel assenmbly, the heat loss from the
head wes not included in the totcl heet loss from the mannikin
(F). This was rcasonable boeause the unusually cold face of
the mennikin did not behave in the sanme way as that of a

hunan.

Clothing csscnbly '1' was worn by subject number 10
on days when the teomper turc wes epproximately —3000 ond
the wind was approximately 9 D/SQC. The measured clo velue
of the essenbly was 1.4 clo. It was tested ot windspeeds
of 2 m/sec and 4 m/sec, end there was no significent difference
in thc totel insulation undcr the two conditons. It was also
tested with ¢ windspeed of 4 m/ﬁec cnd with the acnorsk waist
drav string undonce end with the hood down. This did not
sisnificently chense the insulation of the wholc assenbly,
but the insulation of the upper trunk decreasced by 0.5 clo
units when the cnorsk hood was down and the draw sitring was

undone.

VII.G




?
|

It was not possible to obtein greater windspeeds

because of the fixed tempereturc of the wind chenber for
ecch individuzl test. This tempereture could not he esltered
because of thic necessity of keeping the averzge skin temp-

vture of the hected mannikin et approximeately 3300 to

]

cTr

IS

crziire that it behaved in the same way as a thermally

confortseble human subject.

Clothing assembly '4At' was the same as clothing assembly
13" with en additional down jacket and en additional pair
ol down trousers. e increase in insulation due to this
change vas 1.3 clo. The insulation of the upper trunk
clothin® increased by 2.0 clo end thet of the lower trunk
clotiing Ty 1.8 clo. Assembly '4' was worn in temperetures

of -50°C to -60°C. (sece Section X)

I% is obvious from these results that the hands were

wosi protected thoan all other perts of the body.
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Clothing worn oni-

(1)
(2)

(3)
(4)
(5)

Fands

1l peir woollen mitts

1 pzir heavy duty gloves

Feet

peirs short woollen socks

peirs dQuffle slippers

pcir plastic insoles

[85]

2
2
1 peir moccesins
1
He

balaclave

1
Upper Trunk

er Trunk

string vest

woollen shirt

1
1
1 thick woollen jersey
1

sledging enorck

Lower Trunk

1 pair short undcrponts
1l peir pbottledress trousers

1 peir windproof trouscrs

The shirt wes worn back to front

Onc side of thr znorek was unpicked ~nd sewn up agdin
when it wos on the dummy

The anor:k draw string was done up

The enorsk hood was up

Heot losscs from the Bead were omitted in calculating the

thc insulation of the total assembly

Insulaticn
Insuletion
Inzuleation
Insuletion

Insuletion

of
of
of
of
of

totsl cssenbly

upper trunk clothing
lower trunk clothing

hond clothing
foot clothing

= 1.4 clo
= l.& clo
= 1.6 clo
= 0.5 clo
= 1.4 clo

Teble VII (3) Clothing assembly '1' Testcd ot Farnborough
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Clothing worn on:-

Hends

1l poir woollen mitts

1 peir heavy duty gloves
Fect

2 prirs short woollen socks
2 poirs duffle slippers

1 peir nmocecasins

1 prir plastic insoles

1 balaclava

Upper Trunk

1 string vest

1 woollen shirt

1l thick woollen jorsey

1 sledging anorck

1 down jacket

1 scerf

1 peir short underpants

1 poir battledress trouscers

1 pair windproof triruscrs

(1) The shirt wes worn back to front

it wos on the dumnmy
(3) The snorrk drow string wos done up

(4) The ¢norck hood vos up
to front

ingsulation of the tot.l assembly

Insulation of tot:s1l agsembly
Ipsulation of upper trunk clothing
Insuletion of lower trunk clothing
Insulation of hend clothing

Insuletion of foot clothing

Teble VIT (4) Clothing Assembly '2!' Tested

2} One sidc of ths cnorck wes unpicked :nd swen up agrin when

(5) To fit the down jeckcet on the wennikin, it wes put on back

(6) He:t losscs from the head were omitted in calculating the
1

= 2.7 clo
= 2.7 clo
= 2.3 clo
= 0,7 clo
= 2,8 clo

a2t Farnborough
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Clothing ~orn on:=-
Hoends
1 peir woollen witts

1 prir nsavy duty gloves

peirs short woollen gsocks

2
2 poirs Auffle slippers
1
1

Upper Trunk
1 gtring vest

1 woollen shizrt

2 thick woollcn jerseys
1 slecdging anorck
Lower Trunk

1 pair short undcocrpants

1 prir long underp-nts

1 peir windproof trousscrs

1 peir bettledress ftroussrs

(1) The shirt was worn back to front

(2) One gi of the enorck weas unpicked rnd sewn up agéiin when

g
ern the dumnmy

(3) Thc znor k hood was up

(4) The 2norck drow string wos donc up

(5) Heet losses from the head were omitted in calculating the
insulation of the tot. 1 casembly

Insulation of totsl as:onbly = 1.8 clo

Insulation of uppsy trunk clothing = 2.2 clo

Insuletion of lowewr trunk clothing = 2.1 clo
Inguletion of hind clothing = 0.5 clo
Insuletion of foot clothing = 2.0 ¢clo

Teble VII (5) Clothing isscmbly '3' Tested ot Fernborough

VIT .13




Clothing worn on;-

ir woollen mitts

[
hel
oy

peir heavy duty gloves

peirs short woollen gocks

pairs dufilc slippers

[0

2

2

1l peir» moceaains

1 pair plastic insole
H

string vest

1
U
1
1 wocellen shirt
2 thick woollen jerseys
1 sledging anorck
1 dowm jacketd
Lower Trunk
1 peir short underpints
1 psir long underpants
1 peir windproof trousers
1 peir battledress trousers
1 peir down trouscrs
(1) The shirt wos worn bock to Tront

i
(2) One side of the znorsk wos unpicked ¢ nd gewn up agcin when
it wag on the dumny

(3) The znorzk drew string wio done up
(4) The anorslz hood wes up
(5) Down trousess worn on top of windproof trousers
(6) ©Down jocket worn beek i front on top of windproof znorck
(7) Heot losses from the hesd wer. omitted in calculating the
insuleticn of the tot-l eassembly
Insulztion of totcl assembly = 3,1 clo

Insulction of uppor trunk clothing = 4.2 clo

Insulaticn of lower trunk clothing = 3.9 clo
Insulation of hand clothing = 0.7 clo
Inzulation of foot clothing = 2.1 clo

Teble VII (6) Clothing éssenbly '4' Tested at Farnborough
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COMPARISOY OF RESULTS PROM FARNBOROUGH WITH THOSE FROM

TEL YRIGHT-PATTERSCE IR FORCE BASE

fompering the c¢lo velues of assemblies tested 2% Femberoush
with those t.sted 21t the Wright-Pitterson Air Force Base, it
crn be scen thot there are differences between them. No two

ssemblies togted 7% both ploces were idonticel, but certein

Coupare clothing =sscmbly (SD) tested -t the Wright-
Prtterson Air Force Basc with assembly '1' tested ot Fernborbugh.
The clothing worn on the hesad znd lower frunk was the gams.in
¢cch assewbly. 4n extrt peir of woollen socks wos worn in
agsenbly '1' but this wos brlanced by & pair of nmukluk duffle
outer is (SB)D Clothing agzembly '1! olso had an extrs poir of
heavy duty gloves nd an oxtrs shirt. In. ther words, =lthough
clothing rasenbly '1' consisted of more clothing then clothing
assembly (58), the measured clo ve of assembly '1! (1,4 clo)

lac ©
wrs less thin thet of assembly (5B) (1.9 clo).

L sinilir comperison crn ve made with clothing casembly

"1' =nd clothing esszembly (83).

Comp~re clothing 2ssembly '3' tested ¢t "arnborough with
clothing csocenbdbly (llA) tested <t the Wright-Patterson Air Forxce
Bregeo The upper trunk "nd the lower trunk clothing was identical.
4 het was included in asscmbly (114) as opposcd to & belaclava
in assenbly '3'.  in extre poir of wristlots was included on
the hinds in osscombly (l 14) nd also rn cxtre prir of short
socks was worn in this assenmbly. However, this slight cddition
in clothing in ezssembly (11A) do-s not explein the differsnce

in clo vrlucs. {assembly 1Li wos 0.53 cle groater thon assembly
r3r)

Despite the difference betwern the groups, the results
from the two sources can be used for comperisons within the
two scparete groups.e The differences arc discussed further

in Section .y,




TTCANIRUESS 0F COMPUTEZR UWALYSIS

~

performed on zn ICL Systen

oa)

The computer anzlysic we

-

4~70 mechine., This machine has & core of 448 X, 8 bit bhytes
10 . . . ;
(K = 277} of 1,.sec cycle tims, end is oricnted for muliimccess.

The deata wvas storod on & replaceable disc with & cepaci.y of

7 megebrtes and o speed of 1506 kilobytes/second and on a magnetic
tepe with & cepacity of 20 mege bytes end a speed of 60 kilobytes/
second. The prograns vere complled by the Fortren Compiler of
the ICL J-Cper:ting System, ¢nd they were written in J-Level

Fortren which is & version of Fortren IV.

Preparetion of Data for Computer

The following dets wes coded onto computer cards for csach

i~y

or esch day of the expedition:-—

(1) Serial number of man

(2) Date

(3) Week nunmber

(4) Thether working outdoors or not
(5) Base (geogriphical)

(6)

(7) Clothing wowrn on head

b

ctivity of men

(8) Clothing vorn on upper trunk
(9) Clothing worn on feet
(10) Clothing worn on lower trunk

(11) <Clothing worn on hends

If the men was working indoors, his clothing assembly wes
not recorded. One column of the computer card was reserved for
each article of clothing. Table VITI (1) gives o detailed
description of the date on the cerd. The following codes were
used for the basess-

(1) Shackleton
(2) Scott Bese
(3) 3outh Ico
(4) South Pole
(9) Ealley Bexw
(6) On Crosszing

VIII.1




The activity of the men was renked into five different groups.

(Budd 1966)
1.2 Kcel/min

1
Sitting 1.9 Keal/min
3.2 Kcal/min

Mediun work 5.6 Keal/min

R N v N

TN TN AN N
S N

Kcal/min

N
1
N
jus]
@]
m
<
<
o
H_‘
7
’__l
(@)
O

Dxemples of the above groups cre given in the Date Section (V (6))

The westher dete wes also coded onto computer cards, and

thig wes divided into.—~

“hackleton Base

For each division,; the following dete wes coded onto computer

cerds, one for each dey's wearher:-
? o -

—
o
19}
@
(4]

(geogr: phical)

o
=3
=
w
g}
-

number

¥

S~
b N e
~— N

3
(O]
+

(@]

c
Tempers ture ( ()

)
5) Wind (knots)
2
) wind chill (¥eal/m"/ar)
) Altitude (metres)
)} Cloud cover in cighths
) t
/

Drif

4

hendling such a large emount

)

Because of the difficulty of
of deta on comiuter cerds; the dete wes trensferred onto megnetic
disc and negnetic tepe. L direct access file wes therefore set
up on magnetic disc for ecch member of the expedition, conteining
211l that man's clothing :nd ecctivity data. Meenwhile, weather

dete wes transferred onto meagnetic fepe,
fe] -
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1 2 Scrinl Fumber of Man (Integer)
3 4 Werk dumbor (Intcgor)
5 - 6 Dy (Integer)
7 8 Month (Int.ger)
9 O Ye.r (Integer)
11 Rescrve
12 Yhetter Outdoors or noty
1 = Indoorss O = Outdoors
13 - 21 Roscrve

22 Cod: for Geogri.phical Basc (Integer)
23 - 29 Regcrve
30 Code for iLctivity (Intcger)

Clothing Dote 31 Boloelave
32 Hot

33 Resorve
Data cntercd 34 Boer iiuffs
35 Blizzard w.zk

gs ‘1t op 1O
= 36 Roscrve

o e 37 Scorf
L = garnent 38 Resorve

worn N ) .
39 ¥ylon Pilc tlnorrk

0 = g mmoent not 40 Lertox Voot

Worn 41 Voollen Vest

42 String Vist
43 Shirt
44 Jorsey

45 Inncr .nor k

46 OQutcr Anorck

47 Slecdging iLnorck
48 Dovm Jrckot

49 Pryjome Jockot
50 vor. lls

51 Woollen Socka

52 Plostic Ipsoles
53 Dufflc Slippcrs

54 muklulr Dufflc Inncrs

55 tultluk Dufflc Outors

56 Ski Bo-ts/Bvircst Boots
57 luklulks

58 Rubber Boots

59 Moccasins

60 Scolskins

61 Short Underpants

62 Long Undorponts

63 B: ttledross Trousaors

64 “indproof Triuscrs

65 Dovn Trcusers

66 Pyj-mr Trouscrs

67 Nylon Pilc Trouscrs

68 Woollen witts

69 U.S. army Glgvus/ﬁa;oFa Glovces
70 Trittlets

71 Silk Glovos

72 Toollon Innzr Gloves

73 Duffle Inncr Gloves
T4 He vy Duty Gloves
5 3ki Leother Glovos
76 - 80 Reserve
Teble VITI (1) Compubtcer Cord Coding for Clothing nd letivity

Dete
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It was then possidle to Find for any mon's clothing rceord
(on megnetic disc) the corresponding day's weather datac(on

megnetic tape)

The weight znd fet thickness records for thz twelve men

were &lso coded onto computer cards.

TFRESSION

PROCR4L 7o PRRFOR: HULPIPLE LINESR

The nmultiple linear regression program consisted of @ main
routine, & date input sub-routine rnd four sub-routines, from

the T B.i, Bystem/360 Scientific Sub~routine Package (Version IIT)

The four sub-routines are.-

Corre - calculates means, stendard deviations end correlations.

Order - chooses dependent veriable end = subset of v
independent veriebles from ¢ larger set of voriebles.

Minv - 1inverts correletion metrix of the subset selected by

Hultr - conmputes the regression coefficients.

The sub-rcoutine Corre was modified to accept missing records

and calculete the correcct means znd stendard deviations Tor the

Bzch gset of clothing records for the twelve men waes stored

data sets on disc, .nd the weather

records were stored on megnetic topes. The main routine read

the date cards vhich spe.ified which men's clothing records
were to be read from the disc, rnd which verieble was the

fopendent varizble ¢nd which were the indcpondent variebles

y
3

in the multiple vegression enslysis. Tt then called the sube

te the means, the stenderd deviations, sgimple
9 9

o
(—\

routines to calcul

Q

and multiplc correlation coefficicents, regression coefficients,
1y

t-velues =nd the an sig of varience for the multiple regréssion,

and printed out the results

The date input sub-routine wes called by Corre which requires
one record of dependent end indcpendent vericbles &t & tine.
i.e. one dey's weather wnd the corresponding clothing worn by

one rniatli.
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Thes

da

The date
dey from
for onec d:
rccords f

westher »

The
clothing

If tn

ST

~4

~ ot
i

progro

vT

Nk o
rlLgure

conteined

nylon pil

vindproof

The
znd hsznds

on tha %o

The necex

O o o o d

r 11 germents

-

bles

i

¢ veric

wore

{

ta input sub-rout
inosut sub-routinc

the specificd

s oy P PO Palk ey -
& L1rom nd ;ﬁ'\-:tlk,
or & cortiin dey,

ecords were v._ad.

sub-.rocutine chocke

rzeord vere for t

cre noty, 1t print

topped.

o
7T (1), end ecch

which were co

C anerdly

trouscrs, dovmn 1t

number of leicrg

wore celculaeted, «nd elso the

(ineluding t

ar.

sary voreiableo we
to
c
Temp C
wind (knots)
Altitude (rietres)

bdctivity

the sub-routine

obtsincad

ine, cna

~ 3- 1
read the

tepe.
the

1.
i

ed

oudt

ed

Cr.

dzta sct on disc,
It
follo

en

ne weather

Tear oA
Ly Ena

an &
clothing
there were no

cl

ving day's

ree
for tuc

CYrIror nessage

VIII.Z2.

paso
or '0O' was c¢nte

eand magnetic tape

rray D.

rccord for one

¢nd the wenther dete

weather

othing end

ord +nd the
same basc.

¢nd the

disc contiined the informstion in

record on rmagnetic tepe

rcd in thoe

was worn on the dey end O if not

unted ¢

rousers
A
LI C

O

ho heed)

wind chill(Kcal/m2 L)

which were to be

counted

ts two lagers,

in the record wos multiplied by two.

tvo 1ayers wercs-—

sledging snoriky

XL

upper trunk,

down jackety

d nylon pilc

d in the &

These

were. -~

long drowers,

trousers,

lower trunk, feet

'totel number of layers!

rray D and
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(3)

T

-~ .

S—
I

= Munber of lecve trunk

o0

per

= Munmbzr of l:izvers

U dU g 9 49 9
— N~
\0
N~ N/
!

of

(10) = Humber of l:yere on lower trunk
(11) = wWunber of l:ysrs on hands
(12} = Totzl numbsr of lavers including number of lcyers on
Lead
D (13) = Fumber of da~s from stert date of perticular period
cnalvysis
(14) = Cloud cover
D {(195) = Drift
ABLLYSIT OF CLOTHIYWG DATA
Using the ICL System o3 THIRE D ¢ full tnelysis wos

existed between climetic stress

—
o

=) Vhether & rolotionship

the clothing vorh, if 30,

worn deponded.

(b) “hy tns clothing veried from one individual to znother

under similer conditions,

(c) “hether there wis eny cvidence of

Lnelysis of

Veriance

clothing date worn on the crossing wos
[l o

A ey o
Alioerences

tuo fector cnelysis of

'between days!

on ren' cal the

VIII.6

exwamined fowr

and

on what veriesbles the clothing

acclinmatization to cold,

vetwesn the clothin: worn on successive days by the

cee botween the clothing worn on the




n During the Crossziag

Differcnces Between M

To investigete the diffsrence in clothing worn by the men,

the westher on the cro.sing was divided intco three categories,

ind Range

Mompe
leripe

Range
e oA s 0. o -
tiediuws conditions 0°C to -1C°C 0 to 3 u/seo

lediwn Severc o] e ,
. - -107C to -20°¢C P to»6‘m/sec
Conditions :

e PO 0 _ -
Scevere Conditions ~20°C to =-30°C 29 to I3 m/seo

A dey was picked out which sztisfied each weather conditiony

ye1st of clothing was counted for

and the ‘'totel number of 1

[0
et

1 i
each man for that dey. The weight and fot thickness of each men

was teken ¢35 the messurement made nearcst to the date chosen.

A umultiple regression anelysis was carsried out for one day
in each category with 'tot<l aunber of layers' worn on any one

day &g the dependent voriable, aend with = combination ofs-

et

S N/
Jis
2
[}

(o

~
I

TN N N N
AT

o~
N\
R N A N
o o =
Q " (
fte
<
=
-
<

Helght

28 the independent veriables. As surfice erce is 2 function of
herght and weight, it cen only be used ¢s an independent variable
in the regression analysis when height «nd weight sre not

includcd.

The cvercge value of the 'totel number of layers! for the
whole period of the crosging was calculzted for each nmon.
Sinmilar pultinle reorossion was carried cut with this averagc

value as the dependent variable.
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Deily Changes in Clothing for Bach Man During the Crossing end
E’.‘tABaSJo

The results of the 'clo volue!' enalysis carried out at the
Wright-Patterson Air Force Base suggecotos $het in fect layer
counting was & rezsonable technigue to use. The !'layer counting
method' of obtzining i estimate of the thermsl insuletion of
an assembly was therefore still used for this analysis, but the
following garments were counted as two layersi~ outer and down

e

2

T
anoraks; long drewers, windproof trousers. (see Section VII)

Multiple recgression eanalysis was carried out on the crossing
and bese data with 'total number of layers' of clothing as the

dependent varieble end the following 8 the independent variables:-

(1) meupsrature
(2) Wind

(3) tctivity
(4) Altitude
(5) Cloud cover
(6) Drift

(=) ind chill-

Wind chill is z function of tempersture and wind, end the
analysis was carried out both with ind chill a2s @an independent
varieble (onitting tempercture snd wind) and with tempereturc

end wind ¢ indcpendent veriables. (omitting wind chill)

Similar nultiple regression cunslyses were performed with
aumbocr of lzyers on the hands,; uppor trunk, lower trunk end

feet ¢s the depondent varicbles,

The 'Forerd Jelcction Process!' wes used to inscrt the
independent variebles until the r.gression equation was satis-

factory. (Dreper & Smith 1966)
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WOIGHT HD ¥ THICKITESS
The average mean fet thicknesd snd the aversge weight of
the men was celculetcd for each month from November 1256 until

vy 1057 end October 1957 were omitted

t
)
on
H
o
e
)
\D
1
&
('_{
)

u
because of lack of dzte. Bevsrsl interpolatzd readings were
made to £ill in rvemcining gfps 1n the dates The rcadings for

the men —erc not 2ll made con the same day cf the month, so the

C

records have bezsn divided into monthly periods, and on occasions
when more then one sct of date was available, the average

rcading for the month was teken

pericd of the crossing, November 24th until March
2nd, five weight records were nmode =t the South Pole ond four
hp)

recoras werce mede on arrival at Scott Base. No fat thickness

records erc eviilable for the crossing.

The airis of the bodry weight 2nd £+t thickness cnalyses were

to discover

o

(

) How body weizht znd f¢t thickness changed in & cold
cnvironmento

(b) Which skinfold sitc was best suited to predict body weight
aznd what the relaticnship wveas.

The lincor rezressions of mecn fit thickness on temperaturec

alculeted for ecach man for the

e}

and weight on tempercturs were
period &t base. The linear roegregsions of weight on mean fet
thicknens, -nd weight on fet thickness wmeasured &t each of the

five sites, were also celculeted for each men ond for each month.
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AVERAGE MONTHLY NUMBER OF LAYERS FOR TWELVE MEN,
TEMPERATURE AND WINDCHILL AT SHACKLETON BASE AND
FOR THE CROSSING.

N N
O —
1

Windchill

©® ©
I

NUMBER OF LAYERS
3
]
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CLOTHIKEG D.T. COLLRCTTD LT BLST

Preliminary Anelysis

Figsure IX (l) conpares the group's avereage monthly
'tot.1 nunber of layers! with the teupereture :nd wind chill
for the period ot Shecklcton Basc. The 'totcl number of
leyers! of clothing for the wmen who spent the winter ¢t
South Ice was not included in this cverage figurc. (Note
thet the tenpersture scole has been inverted for comparison
recesons.) The gencrcl impression from the preph is thet
the 'totel number of layers!' increased in proportion to the
temper. ture fell, without decreesing the some emount when

the tenmpereture rose ogcin.

Figure IX (2) is & griph of avercge weekly 'totel
nunber of leyers' zgcinst temper: ture for the men who
spent the wintcr ¢t Shackleton Dise. The regres.ion linec
is given by y = 13.7 - 0.14% (y = avercge weekly 'total
number of layers'; t = temperature (OC)),tho correlation

coefTicient r = -0.82 is significent 2t the 1% level.

Comparison of Similar Envircnaental Periods

. . 5 O .
Below is o list of the tenpercture ( C), the windspeed
. 2
(n/secc and knots), the wind chill (Kezl/n”/hr) end the
averegze nunber of hours of sunshine & day from Jenuary to

Novenber 1957 at Sheckleton Base.

IMonth Tenp. “ind THind Tind Chill Hours of Sunshine

(%) (m/sec) (knots) (Koal/mz/hr) (deily averape)

January - 8.2 5.5 10.7 1160 10.1
Februsry  -11.8 5,5 10.7 1250 7.9
HMerch -19.06 7.1 13.8 1570 3.1
Apfil -21.1 7.0 13.6 1620 0.8
May ~24.7 9.3 18.1 1500 0, 0%
June -29.3 Tel 13.8 1910 0.,0%
July -31.5 9.3 16.1 2040 0.0%
dugust -37.5 8.5 16,5 2170 0.4
September =-27.3 9.3 18,1 1890 0.6
October  -24.7 5.2 10.1 1680 7.2
Tovember -12.7 A.l 7.9 1200 Ho record

*  The sun wes hzlow the horizon from Moy to July.
Ix.1
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Two pairs werce chosen from the eleven nmonths. Lpril
was peired with October and Janucry with November. The two
months in ecch peir hed gsiniler conditions of windspeed rnd
temperature rnd gimilar wind chill figures., In poir t14
the nunber of hours of sunshine was greater in October then
in Lprily tnd in psir '2' therc wes no sunshine teessurement.
for November. The 'total nunber of loyers'! worn during the

individurl months in cach peir were conparcd.

Prir Mo. Hontls Totr 1 Nunber Wind Chill
of Loyers

1 Lpril 16.5 1620
October 18.6 1600
5 Jenveary 13.9 1160
FTovenber 7.7 1200

In both pairs there wos e significent increasc (p=0.C1)
in the '*totr 1l nunber of loyers' worn during the sccond month
over the first. The greoter ancunt of sunshine in October

then in &pril (poir 1) 2dls to the significrnce of the result.

Comparison ¢of Clothing " orn by New Arrivils with th-t Torn

by Hlenbers of the 4Ldveince Porty Steyving On ot Shackleton Bese

The ncmbers of the Trons-intorctic Expedition ot Sheckleton
Base from mid Jenusry 1957 onwerds crn be considsred, for o
short time ot leasty, ag congisting of two groups which

night ctow diffcercnces in ecelintization to cold.

Group '1' conasigstel o thosc ren who hed spent the first

winter &t Shocklcton Bose under urwusuclly severe conditions

as ncnmbers of the Jdvence Porty. (subjocts 1, 2, 3, 4 ond 13)

Group '2' consistcd of thosc nen who had not spent the
first winter ¢t Shackleton Bose and who had just arrived in
confort eboarl the 19.V. Maggoe Dan. (subjccts 5 to 12 and 14

to 16)

IZ.2




The wmen in group '2' crrived ¢t Shackleton Base on
13th Jenuery 1957, ont full clothing records arc aveilable

for them. The basc hut for innediate occupeation

and ucn moved ashore for slocping snd living purposes ot the
re.te of one or two o day over the next wecek. Full clothing

rcecords aerc avi.ilabls for group 'l' from 20th Jonuory 1957.

The clothing worn Dy the two groups of nen living at the

o’
Cl
(s}
&
=3
=
e}
H
ot
s
o7
O
c\

gane ba o conditions was conparct week by weck
for the noxt six weeko,y, fron 20tk Jonucry 1957 until 2nd Morch

1957.

For each woek the average 'tot. 1 number of layers! for
efc.ch non was colculeteds The valucs for the men in group '1t
were then comparcd with those for the men in group 121,

In nonc of the six wecks wes thore found to be a gignificant
differcnce between the 'tot-1 numbor of layewrs' worn by men
in group 'l!' ~nd nen in group '2'. (t test of diffcronce

between two indepondont sonples, Sncdccor & Cochron 1967)

Comprrigson of Clothing “orn at Shecklcton Bosc with th:it Yorn

et South TIcc,

The nen werce dividel into two groups for the period

Januery to October 1957.

Group 'l' licn who spent the sccond wintcecr ot South Ice
(thrcc won)

Group '2' ileca who spent the sccond winter ot Shackleton

bd

e (nino ricn)

Thc four R...F. ncn (su™jcctsl3,14, 15 ~nd 16) werc not

included in the groups.

Thie 'totsl nucber of Joyers! worn by the individual men
in the groups was conporcl. The mean 'toteal number of loyers!
for the nmon in group '1' wes 19.2 (S$.D. z 1.3) and for group
12t was 17.4 (S.D. : 1.6). There wes a significont differcce
between the two groups (p,_~ .01} thet ic the men who spent the

winter ot South Icc wore significontly more clothing th-n the
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men &t Shackleton Bese. Conuariscon of the rephs of temp-
croture cnd wind ot the two hascs shows thot woeother
conditions woere more scvere ot Scuth Ice thin at Shackleton.

[

(Figure IV (1) end Figure IV (2))

Multiple ZFezression inclwysis of Clothing end Tnvironmentel

Dete

for all the twelve men ot bese, the correlation between
'totel number of leycrs' end tomper ture was Letter then
the corrcletion betwesen 'tofel nunbor of layers' and wind

chill.,

Teble IX (1) shows the regression equations for the

twelve men 2t base with 'totrl number of layers' as the

independcnt varicble.

The multiple regressicon with 'totel number of layers!
as tho dependent verichle tnd tempers turc, wind, ectivity
and ¢rift ¢s the independent varisbles wes csleculated for
cach men. Temper:s turce was ¢ significant factor in all the
cqueticns. o cother fector was predominently significent

for 11 the nmen.

~F
Aie




Subject Coefficient Intercept

No. of Tempercture (v)

()
1 -0.11 15.1
2 -0,04 14.5
3 -0.16 13.5
4 -0,06 16,5
5 -0.17 12.3
6 -0.13 16,6
1 -0.15 13.9
8 -0.10 1543
9 -0.08 14.6
10 -0.15 1.2
11 -0.17 15.3
12 -0.12 16,3
There y = at + b

y = 'totsrl number of leyers' of clothing
t = “tenmperat re OC

Teble IX (l) Rerression of 'Totel Number of Leyers! on

Tempereture for the Twelve lien at Base
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AVERAGE WEEKLY NUMBER OF LAYERS FOR 12 MEN ON
THE CROSSING
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(2)

OLOMHIWN DATA SOLLZCTTD DURIWMG THT CROSSING

Prclininery snzlysis

Before using the clothing records to find out whether
& e
or not men acclimctizes to cold, 1t was neccessary to

esteblish that the clothing did depend on the tempersturc.

The figurcs obtdined from 1l individuals in ¢ given
weck were averaged end ¢ rfphs werce drawvn. These graphs

genorel picture of clothing changes for the whole

bl

cive &

£rToup.

Figure IX (3) shows the avercge weekly wind chill
factor «nd the avercge wookly number of leyers for the
whole group for the period of the crossing. The greph

shows thet the averzgze we kly 'tot 1 number of layers!

Tollows the generel trend of the wind chill factor.

The number of loycers on the lowcr trunk cnd feet
follows the wind chill figures bettor than these for the
upper trunk eénd hends. Even so, the correlation coefficient
betwoen wind chill ¢nd numbcr of laysrs of clothing is
significent at he 1% level for 211 four sections of the
body, ¢nd also for thc 'totzl nunbor of laycrs'.

(including hecad clothing) For the period of the crossing,
the number of leyers on thoe upper trunk increased more than

those on any pert cf the body.

Teble IX (2) gives the average number of layers for
the whole period of the crossing on each section of the
body for each won. The aversrge 'tetol nusber of layers!

ronses from 16.4 to 20.8.

Figure Ia (4) comparcs the average weekly 'total number
of leycrs' with tempersturce ¢nd the everage weekly 'totel
number of lavers' with wind chill. The tempereture scale
hag been inverted £or conparison purposes. During the last
week of the crossing, clothing records are not available due

to ths “Tocnce of six menmbers of the partys so that the

o

lest value shown in Figurce IX (4) for the 'totel
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COMPARISON OF AVERAGE TOTAL NUMBER OF LAYERS

WITH TEMPERATURE AND WINDCHILL FOR 12 MEN
FOR THE PERIOD OF THE CROSSING
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Averzge Number of Loyors On

; ; - P
Subjeck  Avercge Upper Trunl Lower Trunk|  Hands Feet
Fo. » Totcl Humber
of Lgyers B o
1 19.7(11. 5>V“f 6(Z1.4) | 3.2(20.5) [3.0(%0.4) 5.9(io.;>
T ) _
2 17.7(2.3) '5.§(i9:7) 3.¢(fo,7)+ 1.7(20.8) | 5.9(¥1.9)
3 18.9(f2;é) 6.0(1.4) 3.§£§9.?Z~1“;.8(io.7) 6.2(io.5)~aﬁ
4 | 19.7(%2.7) |6.0(%0.9) |3.6(%0.6) |2.3(%0.5) | 5.9(%1.0)
5 17.4(%2.8) 16.3(%1.1) | 3.0(%0.3) 1(Z0.5) | 5.0(%1.6)
6 20,0(%3.0) '6:%£§1.o) 3.9(%0.5) |2.3(Z0.5) | 5.8(%1.4)
7 17.2(%1.8) |5.8(%0.8) | 3.0(20.2) ‘E:?(tl.O). 5.6(20.8) |
8 18.8(=2.5) ( ouf) 3.7(20.4) 1,8(io°4 5.8(20.9)
| ,
9 17.5(%2.3) ?5.8(i0 ¢) |3.1(%0.5) {1.8(%0.8) | 5.6(%1.0)
10 18.5(i;:;) 5(Z0.7) | 3.7(Z0.4) {2.2(%0.4) '5.7(io.9)
11 20.8(21.0) |6.8(Z1.7) | 3.0( 0.0) - [3.3(¥1.1) | s5.3(%1.1)
12 16.4(t2.é) 5.8(£1.0) | 2.8(%0.5) {1.4(%0.6) | 5..4(%1.2)
|

* The fipgures in brackets refer to the staendard deviation of

the average number of layers,

Teble IX (2) Avorcge Humber of Leyers of Clothing for the

“hole

the Crossing

Period of
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numvcr of loyers' 1s obt:incd froir the othor six mombers
only, .nd is hizh for this rcoson. By usc of theo regression
cguctions, doclt with in det. 1l in ¢ lotcr section; the
number of leycrs of clothing which the other six membors
could be cxpocted to heve worn wrs ciolculeted cnd the reviscd
ve.lue addcl to the groph (shown by o different symbol:a block
squore)  The correlation cocfTicicnt between the aversgo
woekly 'totol numbor of lryers' ond tempersturce (r =-0.92)
is becttor thon the correlation botween the rversgo weokly

tel

"to numb.r of loysrs' ond wind chill (r = 0.84)

Figurc IX (5) is o f cvercge dnily ttot- 1 number

)

oo
[

ke
=
@]

of leyers! cgiinst ftempor turc. The points which deviate nost

st days ot thwteend of theognossing.

fron the line Terrt
The rogression of cverige dailly 'tot 1 numb.r of layers!

ber ture is given by y = 15.2 - 0.18% (y = average
deily 'totsl number of l:iyorzt,t = tocmpors ture OO) With the
increrscsd number of degroes of frocdom obtrined by trking

the averoge doily veluc instoad of the overcge wookly volue,
the correlrntion cooffic wnt (r = —0077) is s8till significrnt
t the 1% lovel. The rozression of cvirrge deily 'totel
numnbor of Jevyors!' on wind chill for the samc period gives

& lowoer corrclotion cocfficicnt of 0.52.

Compirison of onmentil Periods

Comperison of Similor Wecks During the Crossing

. . . O 0
The folleowing Teblc is ¢ list of the temperaturc ( C)
. . . . . 2
the windspeod (m/&co and knots), the wind chill (Kc:l/m /hr)

cnd the cloud cover for the fourtion weeks of the crossing.

(UOBO For tny week the wind chill is not the figurc
obtrincd from the rvoroge tomper turc  nd the over: ge wind,
but thrt obtrincd by aversging the wind chill valucs computcd

from the tempersture ond wind for crch individusl doy of

the we k. Thesc two figures ore not the some.) (Court 1948)
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Weck Tempo Wind Wind Wind Chill Cloud
To. (°e) (m/scc) (knots) (Ko:l/mg/hr> Cover

. 6 12.8 1160 5.2
6.8 515 5.6
.6 5.1 847 2.7
-11.3 5.7 11.1 1250 7.4
-15.4 443 8.4 1237 1.4
~16,7 5.2 10,1 1323 2.1
-18.3 6,2 12,0 1371 3.6
-18.9 A4 8.5 1375 5.2
-26.3 5.2 5.9 1615 2.5
10 -28.2 5.4 10.5 1707 5,1
11 -26.0 4.7 9.1 1576 3.6

2.9

5.6

i |
o
PN
@
oW o
.
&

O N oot WD

\O

12 26,4 5,6 1337 5,0
13 24,7 10.¢ 1544 7.1
14 ~23.8 5.6 10.9 1489 4.7

In order to 7 llow timec for possible ccclimntization to
teke ploce rnd be reflceted in - chrnge in clothing worn,
the prirs of weoiis should be aw frr oport in time os posziblo,
ideally onc from the bezinning "nd rnother from the cnd of

the crossing poriod in coch cascs

™ 1

It wog cifficult to find two wocks with similor wer thoer
conditions for comperison purposcs, but throe prirs wirs
choscne. Poir '1' wos weole 1 with weck 4, poir '2' wos week

6 with weok 12 nd poir '3 wrs wosk with wook 12.

The two we ki comprising coch prir hove similoy wind chill

figurcs, rlthougl the tompor ture znd wind is not exactly
the srme in cach weck. Tue cloud cover £ gurcs res also

not the sawe in orch p-iry ¢lthourh in the third poir there

is only . diffcronce of 0.2 in the cloud cover figurcs.
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: o f Y - ——— s e
! i Number of Loyers Oa
X ] — 7 :
Peiri Wocks ! Wind Chill Upnor | Lower| Teet | Honde | Totnl No.
: ! i
Fo. | ](Kcal/mz hri Trurk | Trunk of Leycrs
'i + ; e o e = s e e
! i
1 | Wock 1 ; 1160 5.1 3.2 1 5.2 | 1.7 | 16,7
| ek 4 1250 5.4 | 3.3 ! 5.3 1.8 17.3
! i
. ek 6 1393 5.8 3.4 1 5.5 | 2.0 17.7
< |
; Teuk 12 | 1337 7.0 3.5 | 6.1 | 2.2 20,2
, | ‘
, Cwook 8 1375 6,0 3.5 | 5.9 | 1.8 18.5
g Mook 12 1337 7.0 3.5 | 6.1 j2.2 20,2

The abeve twble sives the number of layers and wind
chill values for rcspective pairs of weeks
In cech case the numbur of 1-yers of clothing is the

Swverncge for tho whole group for thet ook,

In puir numbor '1' there ves no gignificent chonge in

the clothing worn from otk 1 t0 sl A

In peir number '2! was . 3ignificont incronac
1 O uiatovdiivefie i

from wick 6 to wool 12 in the layers wera on the upper truniz,

in the'tots 1 number of l yowrs,! (p::o,ol) There wes no.

aind

significont changs in She number of loyors worn on the lower

1
tru..., fect or. the honds.

Dxactly the sare ohservetivn is truce for padg- number '37.

IX.10
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IN  ASSEMBLY

AVERAGE TOTAL NUMBER OF LAYERS
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GRAPH OF AVERAGE TOTAL NUMBER OF LAYERS
AGAINST NUMBER OF DAYS FROM THE START OF
THE CROSSING FOR DAYS IN 7 WINDCHILL RANGES
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Conpericson of Similar Doye During the Crossing

Tic d- 77 were  llettod to seven groups according to the

5

wind chill figurc for the dry.

Hind Chill in Rongou- Wo. of Drys in Group

Group Wl 1100 to 1199
Group W2 1200 to 1299 4
Group W 1300 to 1399 14
Group. W4 1400 to. 1499 14
Group 75 1500 to 1599

Group ¥6 160C to 1699 6
Group W7 1706 to 1789 9

Days vith wind c¢hill bzlow 1100 - nd above 1800 were not included.
The doys werc rlso divided into six groups cecording to the
tempers ture for the day.

Temper: turc in Hongos - No. of D-ys in Group

Group T, -13° to -15.9% 5
o e

Group T2 -167C to -18.9°¢ 18
o o

Group T3 -19°C to -21.9°C 8
o] Q

Group T4 -227C to -24.9°C 8
0 o

Group T5 -25°C to =27.9°C 18
o o

Group T6 ~-287C to -30.9°C 7

Days vwith temper turc sbove «léOC ond bhelow —30.900 WOore
oraittcd., The 'totsl number of Ilnycrs! worn by cich men on
droys of sinilar wind chill were thoen conmparcd, rnd likewise
the clothing worn on dnys of similnr tempercture, looking,
of course, for n deercascd clothing requirenent with the

pessage of tinmc as cvidence of ceclimntization to cold,

Wind chill group V3 ond tompersture group T, both contcin

doys sprcod well spsrt over the whole pericd of the crossing,

IZX,11




AVERAGE TOTAL NUMBER OF LAYERS IN ASSEMBLY

GRAPH OF AVERAGE TOTAL NUMBER OF LAYERS

AGAINST NUMBER OF DAYS FROM THE START OF
THE CROSSING FOR DAYS IN 6 TEMPERATURE RANGES
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¢ therefore beon tabuloted., A1l the sroups are

n v
also shown in ;w phic form., (Figurcs IX (6) and IX (7))

Table I (3)rives the 'totel number of layers! wora
by 11 the men on wvace  =ys in wind chill group 73. Subject
nunber 12 is nissine teceusc of incomplets records. OFf the
rencining eleven subjectsy ton have incrcesed the 'totel

st dey to the last day

3
-
£
{
)
e
)
5
-
(@)
3
o+
oyl
oy
5
]
]

number of lea

in the group.

]

Teble I (4) ives thoe 'totel nunmboer of loyers' worn

3

o
s
-
<t
&

by =11 the nmen 3

days 1n temperaturce group T,.
4

a,rin nissing because of incomplete

N
(=2
[&]

Subject number 1
dete. In this casc, ¢ipht out of ¢leven men have increescd
the '"tot: 1l nunber of laeycrs! wern from the first dey to the
last dey in the groupy two have remained the same, snd there

is & decrease of onc layer in onc subject only.

The grophs in Fisure IX (6) show the 'tot 1 number of

rroup, <nd

for ceely wind chill

laycrs!' worn ¢ &i

i

in each casc thore 1s en increazsc. The coefficicnt of
correlation betwien the 'tot. 1 number of l-yers' and the
elapscd time ie significznt at the 1% level for cach zroup.

The orophs for the tompersture sroups T1 to T,

‘F

(Ffigjure Ix (7)) similarly show on increzsc in the 'tot. 1
number of laycrs' of clethinl worn with tine, cgiin signif-—
lcant et the 1% level., The [y phs for tempers ture groups
T_  :nd Té show no siznificeant increasce in the number of
leycrs of clothing. worn. These were the lowest temper: turc

cts were already woearing

28y cnd in £11 casces the sul
the meximun rmount of c¢lothing thet they cver wore. They
did not weer less clothin: under similer woeether conditions

with the passase of tinmc,




Subject
Yo. 21 1 26 5 331 34 |35 45 | 50 AL 70 1 73] 80 181
1 - - 161 16 |18 20 | 19 21121120 21 |21
2 1818 {16 16 |16 16 | 17 Tt 21120421 21
3 17119 (18] 18 | 15 181 14 15119 21113 118
4 18] 1S |16, 18 |19 21 |1 19 201 23 1231 23 |23
5 164 14 | 167 16 |16 171 17 17123 120} - -
6 18] 18 [ 18] 20 20 2l ] 21 21123 123§ 23 |23
7 181 16 | 161 16 | 18 18118 18 16 | 16| 18 |18
8 171 17141 - - 18 191 15 1¢1 2121} 22 |22
9 16| 15 {174 17 § 17 18| 16 16| 22121} 19 {19
10 16| 16 { 18] 18 | 16 181 19 1612341211 21 |21
11 - - 174 17 4 17 171 1¢ 19 1 19 25 | 25

Teble IX (3

when the

Totel Fumber of Leyvers 7orn by Bach Man for Days

“nd Shill was in the Ranzce of 1300 to 1399
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Day Wumber
Subject i T T
No. 56 |57 L 61 74 |75 181 |8 oo
1 21““‘20 20 20 20 21 21 21
2 17 1% 18 20 21 19 19 20
3 22 15 20 21 21 18 18 22
4 21 17 17 23 23 23 23 22
5 17 (17 | 17] 20 |20 {15 |- 16
6 | 2z |21 21| 21 |23 {23 |ay |-
T 18 16 17 15 16 18 18 19
8 19 - - 21 21 22 22 22
9 16 17 17 21 21 19 19 20
10 19 19 18 21 21 21 21 21
11 12 fe6 26| 19 |19 |25 |25 |25

Table Ii (4)

for Deys when Temperature was in the

Totel Wumber of Layers Vorn by Hach ian

o)
Hange of —=227°C to

-24.3°0.
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The Merits of Temperature as an Independent Varizble over

that of Vind Chill

As wind chill is a function of temperature and wind,
(Figure VI (3)) the multinle regression with 'total numbex
of layers’ as the dependent variable and temperature and
wind as the independent wvoriables, was compared with tha
regression of 'total number of layers' on wind chill alone,
For all the twelve men on the crossing, the variables temp-
eratura and wind taken togethar, gave a better correlation
than wind chill. However, temperature and wind taken together
did not give a significantly better correlation than temp-
erature alone. Table IX (5) compares the correlation
ficient for all the three regressions. The correlation
betwzen number of layers and tempavature was also betier
than that between number of layers and wind chill for all

the other sections of the body.

Tt appnears that temperature gave a better indication
than wind chill of the outside weather conditions, as
judged by the clothing worn, This could be because the men
wore highly windproof clothing, and on the crossing they

were often protected from the wind by the vehicles,

Teble IX (5) shows tlhs repgression equations for the
twolve men on the crossing witlh: 'total number of layers'
as the dependent variable, and temnerature as the independent

variable,

Analysis of Variance

Before undertaking the maior computation involved in
& multiple regraession analysis of such a large volume of
data, & preliminary examination was made to test the

differences justifying such analysis.

A "Two Factor Analysis of Variance' was performed on
the 'total number of layzrs’® of clothing for the period of

thiea crossing, to investigate whether or not a difference

o 1r
Ao L




SubjectE Ty T, r3 n
Ko
1 | 0.39 0.39 0.14 65
2 0.54 0.55 0,48 83
3 0.6 0.6 0.41 110
4 0.A8 D.49 0.43 83
5 0.58 0.58 0.25 77
6 0.74 0,76 0.66 76
7 0.57 0.59 0.43 110
8 0.81 | 0.81 0.49 101
9 0.66 0.66 0.47 96
10 0.78 0.79 0.46 89
11 0.7 0.7 02 83
12 0,41 0.49 0.64 38
TS Correcletion coefficient botween

'total number of layers! and

tempereture,

T = #ultiple correlation coefficicnt
with 'totel numbver of layers! as
dependent varicble cnd temperature

end wind ags independent varicbles.

r3 = Correcletion coefficicnt between
'totel number of layers' and wind
chill.

n = Tunmber of peired sets of dats uscd.

(NoBu the signs of the correlation cocfficients

have becn ignorced)

154

Teble IX (5) Correl-tion Coefficicnts Between Totel Number of

Leyers end Tenperoturcy Totol Wumber of Leyers end Wind and

Tenpcroture clten Togrcther end Totcl Nunber of Leyers end Wind

Chill,

IX.16




subject | Cocfficient Intcrcept
Fo. of Temperaturae ()
(2)
1 -0,06 19.6
2 -0.15 16,2
3 -0.17 16,3
4 ~0.20 17.3
5 0. 27 12.8
6 -0.28 20. 7
7 -0.16 15.0
8 -0.29 7.3
S -0.20 18.5
10 -0.21 15.9
11 © =0.34 15.5
12 -0.21 15.0
There y o= at + b

= '{$o0t.1 numbecr of leycers' of clothing

o
t =  tempers turce C

Teble IX (6) Repressicn of 'Totel Nunber of Leyerston

Tenpersturc for the Twelve lien on the Crossing

TX. 17




s

bectween subjocts =nd o diffcrcnce botwoeh days cxisted.

It wos found thot ¢ significnnt differcence in the clothing
worn 'botweon the subjects! cxistoed, (p=£0.01) znd elso o
significrnt diffcrcence in the clothing worn 'betwocen tho
deys's (pe0.01) The 'bDetweon deys' diffcronce and the
'hetwoen subjoets' differcnce were both -~nalyscd in umore
detsily, ond the results of thoese further annlyscs arc in the

following Scetions.

Diffcorencesir Clothing Worn by the Mcen During the Crossing

T=blc IX (7) gives the sverage volue of the 'totel
nuniber 28 loyers! worn by coch: mon for the whole poricd of
the crotzing, ronied in cscending ordcr. It elso gives
average volucs of the weights, heights, surfoce arcas <nd
ne n frt thickncsses of the twelve mem. Thore is no obvious
relotionship boetween the avernge 'tot-1 number of layers!

end any of the 2ther four vori-bles.

The subject with the highest overnge 'neen £t thick-
ness'! has ¢ rolstively lorge vilue for the average 'totol
nunber of loyers', «nd the subjcet with the lowest 'mean
fot thickness! has o relatively low viluc for the overtge
'tot- 1 nunber of loyors.e' Tails dote shows no evidence thot
frtter men ncod less clothing. Thoe oultiplc regression

nalysis ith avercge 'totol number of loycrs! as the depend-
ont variable cnd age, weight, nern fot thickness, surfecc

arce ~nd helght os the indcpendont variobles, wes clso not

el

]
significant for ony of the combineticing of indepcendont

varicblces whic

The worther conditions were Givided into threc catoge—
oricey; medium, nediun scvere "nd scvere, (nd & typicel day

picked cut from coch scetion.

For the ncdiun conditions, tho regressiocn of 'totol
nurber of loyers! on weight, “nd the regression of 'total
nunbsr of laycrs' on surface arce werce significent ot the

% lcvel. Ne other conbinstion of indcependent variables
/ ¥
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Subject Average Average Aversge Height Lverege
No. Total No. dcan Fat Woight Surface

of Laycrs Thickness Ares

12 16,4 12.2 78.8 187.3 2.05

7 17.2 5.6 66.7 171.7 1.7%

5 17.4 16.6 76.8 172.7 1.90

9 17.5 12.4 85.4 186.6 2.11

2 17.7 17.9 80.2 172.1 1.93

10 18.5 14.3 754 177.8 1.93

8 18.8 6.9 67.5 179.1 1.85

3 18.9 5.6 66.7 171.7 1.79

4- 19.7 6.9 67.5 179.1 1.85

1 19.7 18.4 G0.5 184.2 2.14

6 20.0 10.2 T4.9 182.9 1.96

11 20.8 10.5 75.1 175.3 1.91

Table IX (7) 4verage 'Totecl Humber of Leyers,' Moan F;f

Thickness, Teight, Height ¢nd Surfoce drce of Twelve Subjcets

for the Period of the Crossing,
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gave & better rcgression equation.

For the nedium severe conditions, the regression
with 'totel number of layers' as the dependent variable
and fzt thickness, heizht end weight s independent

? o & x

veriables was significent at the 5% level.

12

"or the severe conditions, the regression of 'total
nunber of layers' on activity wes significent at the 5%

level.

However, the analysis has only been performed for
one day out of each of the different sections, so it is
difficult to draw any defi:ate conclusions from these

results.

Multiple Regression éanslysis of Clothing =nd Environmentel

Data

The relative importence of the independent variables

in the nmultiple re ression znalysis for each individusl

-]

man was calculaeted using the 'Forwerd Selection Procedure.!
The following independent vearisbles were used in the
anelysiss-—

(1) Tenmpers ture

(2) vind

(3) Altitude

(4) Activity

(5) GCloud Cover

(6) Drift
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Tebles IX (8) to IX (12) give the significonce of the

independent veriablces vhene-

(l) 'Totol nunber of leyers is token eas the dependent
varicble

(2) Nunber of laycrs on the Gpper trunk: is teken as the
depcndent voriohlc

(3) Tumber of leyers on the lower trunk is tcken as the
depcndent verichle

ends is teken as the dependent

¥

(4) Nwber of layers on the
varisble
(5) Number of leyers on the feet is token as the dependent

vericeble

Teble IX (8) shows thet when 'totr 1 number of layors!
wes token as the dependent vioricble, significont regression
cquotions werc coleculated for cleven out of the twelve men.
For thesc cloven men, temper  ture wos & significent vericble
in 21l thce cquations, 'nd cloud cover was & significent
verichle in ninc out of the cloven cquations. Activity wes
significent in six out of the cleven cquntions, bdbut the sign
of thc wctivity cocefficient was positive in all six cases.
This casts somc doubt on the volidity of the cetivity deta
heecousc onc would czpcet 'tot. 1 aunbor of leyerst' to

decerease as ectivity increased.

Table IX () shows thot when the nunber of layers on
the upper trunk was tikon as the depoendent voriable, all
twelve regression countiong were significent. dgrin temp-
craturce ‘nd cloud cover were significent in the najority of

cqut.tions.

qon

‘hen thce numbor of loycers on the lower trunk was taken

on

e

g the dependent variable, ten cut of the twelve regroess
equeotions were significant. In these ten cquotions, tenp-
croture was significant in eight of thenm, «ltituds wes
significant in six, activity wos significont in scven ond

cloud cover was significrnt in five. (Table IX (10))
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Subject | Temperature i "ind altitude | Activity | Cloud | Drif+d
No. Cover
1 W. 3, Moo EPRCIN e 2 Te3e . 5.
2 T F Ko Sa The ™o S, *¥ S, *# T.S.
(~ve) (+ve) (+ve)
3 S #** ¥ 3, S, * .3 5, ¥ T3,
(-ve) (=ve) (+ve)
4 Sk S T. 3. S, % S S, ¥k
(-ve) (+ve) (+ve) (+ve) | (=ve)
5 S .S, D5 * P LR V.35
(~ve) (=70)
6 5. % S. ¥ . 3. R S N.S.
(-ve) (+ve) (+ve) (+ve)
1 Do K 5. ¥¥ .5, T. 5. S. %% N.3.
(-ve) (+ve) (+ve)
8 D ¥ S.% N. 2. 3, K S, X% S, *%
(-ve) (=ve) (+ve (+ve) | (+ve)
9 S Ji N.3, S, K 5. X% .5
(=ve) (+ve) (+ve)
10 S, ¥ Nas ITe 3 No.3s .5, oS
(=v2)
1.
i
11 S, % L H.5. g, 0. S. Sowk | g%
(-ve) (-ve) (+ve) | (+ve)
12 5, % 5. a3, S, S, %% N.3.
(=vz) (+ve) (+v¢) (+ve)
¥.3. = 1ot significent
S. = Significant (+vc or -ve indicates the sign of the
rcgression) :
* = Significent =t 5% lcvel
*% = Significant ¢t 1% lovel

Table IX (8)

Significence

of the Independent Variables in the

Multiplc Repgrossion Anclysis with 'Tot. 1l Mumber of Leoyers' as

the Dependoent Veriable
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Subject | Tempcraturc | Tind Altitude| dctivity | Cloud | Drift

0. Cover
1 S Folo I 8% G Dok Nede
i
-ve) (=ve) | (+ve)
l
2 Se* ¥. 3 .S Se¥¥ J KR .S
(-ve) (+ve) (+ve)
3 3, ¥*¥ W, 3. . 5. ; .5 D ¥¥ Nedo
(=ve) (+ve)
4 S ®® o3 e B S oo ¥ S.¥

5 Se ¥¥ ST I, *Xx e Se 3, ®% e Ss
(-ve) (+ve) (-vc) (+ve)

6 5. S.%% | W.S. 5, # Gawk | S
(-ve) (+vc) (+ve) (+ve) | (-vo)

1 S .3 Se¥ N3, 3, % V.5,
(-ve) (=vo) (+ve)

8 S ¥ ¥.S5. ST NoSe S, it M. S,
(=ve) (+ve) (+ve)

9 TR V.S . 3. Sa k¥ Ne Se NeBoa
-ve) (+ve)

10 S, *% T.Se WeSoe Ne3e MaSoe 3. %
(-veo) (+ve)

11 S, #% V. 3. T n.S, S, % SRR

2

12 g R Feit g, %% SR 20

. - Sﬂ ° o
(~ve) (+ve) (-ve) (+ve) (+ve)
H.8. = Not significant
S. = Significant (+ve or —ve indicates the sign of

regression
* = Significent ot 55 level

*% = Significznt &t 1% level

Table IX (9) Significence of the Independsnt Vepicbles in

the Multiple Regression Jnelysis with 'Wumber of Teyers on

the Upper Trunk' es the Dependent Veriecble




P—i
S
Subject Temporature | Wind Lltitude] fLcetivity! Cloud | Drift
o. Gover
1 ‘ S WeSe S, ¥* S ** .3, D ¥
L (o) (+v<) (+vo) (+ve)
+
2 S F.3. S ¥¥ S, *% S, %3t N.S5.
(-vc) (+ve) (+ve) (+ve)
3 5. ¥. 3, S, ** F.3. S.¥% | 1.5,
(-ve) (-v> (+vc)
4 T, #¥ S, % We8, ¥. S, FoK%® | T, K%
(-ve) (+ve) (+ve) | (-ve)
5 S k% . 3. JIPRE SPE NS, a3
(-ve) (+ve)
6 F. S, ¥. S, N.3. P .S, N.3.
(+ve)
7 F.S. FeSoe IUPRET N.3, N.<. VS
8 S ¥ S *% 5, %% .S, .S, Do ¥¥
(-ve) (+ve) | (+ve) (+ve)
9 S V. 3. T #F SR 7.5, ¥.3.
-vc) (-ve) (+ve)
10 N.%. .5, 8, ¥ 5. *H De ¥¥ 3, #*
(+ve) (=ve) (-ve)| (+ve)
11 N. 3, Ko™ N2 e .S N.S3.
12 : SRR S, %% W38, 3, ¥ D k%
(—ve) (+ve) (+ve) (+ve)
To53. = Fot significent
3. = Significant (+ve or -ve i dicctos tho sign of
regression)
#* = Significant &t 5% levol
*k = Significent at 1% 1-vel

Teble IX (10) EBignificinec of the Indepondont Vericbles in the

Multiple Regression Anclysisg with "Number of Laycers on the

Lower Trunlk' 28 the Dependent Terizble
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je crapers ture ) Tind Altid ¢ | activi i
Subject 11 tu nd \1titud ctivity | Cloud |Drift
o, Cover
1 ¥.9. o9, © .S, Wo e e 5o .S,
2 5, Fo3o 5. %% 5, S.%% |1, S,
| (=va) (=ve) (+ve) (+vc)
3 .3, Fos, TS, WMo N. 3. ¥.5.
A S N. 5. F.S. SRR .S, Neds
(=ve) (+ve)
5 NeSe H.9, .3 3. e e N.S.
6 Do eSS S S, H S ¥% N.3,
(—ve) (-ve) (+ve) (+ve)
7 G H . 9. . 3. Hele F.S. S.¥*
(~ve) +vo)
8 PR JUPRR S Fed3e N.3. V.3
(-ve) (+ve)
9 o3 T3 AP Mo N.3s N.3.
10 et .2, ¥.S. N.3e N.3. Welo
11 SRR T.s. 3, %% MeSe .3, 7o %e
(-v) (=ve)
12 Tee 7. G FeDo Se® Moo Ne3e
(+ve)
H.3¢ = Tot significont
Se = Significent <+VC or —ve indicatc the sign of
rcgrossion)
* = Significant ct 5% lovel
*% = Significent =t 1% level
Teble IX (11) Tignificonce of the Indopendont Variables in
the Jiultiple Reproession Anelysis with 'Number of Layers on
the Hands' as _the Dependent Vericble
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v 7 | —
Subject | Ponper: turc! Wind | Altitude| Hctivity | Cloud | Drift
, ;
j i !
No. Cover |
| i
‘ |
1 7. S P .2 HeS. o #HE la 3. M. 3
;
.= (+ve)
2 SowH 3, ¥k T 5, N.S. SIS S.**
(=ve (+ve (+ve) | (=ve)

o HH .3 S R 5, G, %%

(=vc) (=vc) (+vz) | (-ve)

" nl M AT T 4 ot e 2 T
i 2o %X MNoe > I\OSO 5o ¥ S, %ok N.S.

5 SP .S SP Woldo T8 | .S,
(=ve (=ve)
6 o3, .3 Do ¥H S NoS. Ne3,
(+ve) +ve)
7 S S W5 oS .3 S ¥
(=vc) ([ +ve) -vo)
8 S ¥ To3a T3, oS S 5. **

(=ve) (+ve) | (4ve)

o it T T ': [ T T
9 S Te3s e S S, k¥ Do FH W So

I % T g 1w R oo A
10 3 XK .=, e Ja e Do JRIPI I .3,

3L 3 al fan! s oy ' 2 [l
*3 b K. Te S 3o € NeSo

11

12 EPR LIPS FIPRS Se ¥ .3, Se¥

(-ve) | i (+ve) | (=ve)

N.3. = 1ot significent

3o = Siznificant (+ve or -vec i dicetcs the sign of
rcoyression

* = Significint at 5% lovel

*% = Significzntat 1% lovel

Table IX (12) Significonce of the Indepcndent Vorisbles in

thy Multiple Resresszion Anclysis with '"Number of Leyers on
il ¥ i 2 T

thoe Feet! os thic Dependent Verisble
1X.26




(3)

“hen the nunber of leyers on the hands was taken aco
the dependent verizble, only eizht out of the twelve
equations were significent. "Thon the number of layers on
the feet was token as the dependent variable, all twelve
eguetions were significent, <«nd in this case, drift was
significant in five out of the twelve equations, which is
& highecr proportion then in eny of the other cases.

(Tevles IX (11) end IX (12))

COMPARIZON OF CLOTHING “JORW . T BASE 7TITH TH.T "ORN DURING
TH? CROSSIEG

Jigure IX (1) shows the average monthly 'totcl number
of leyers' worn at Shacklecton Base end on the crossing.
For the whole three months of the crossing, the average
monthly 'total number of layers' was recater than that
at base for months with similer temperstures and wind

chill.

The number of layers of clothin, worn &t Shackleton
increased with time, end was hizher for example in
November then in January, oven when the outside weather
conditions were sinmilar. The same increase in the number
of leyers of clothing worn with time was cvident on the

crossing,

The regression equetion of avereze weekly 'totel number

of layers! ageinst tempereture for the crossing is:i-
y = 14.5 - 0.22%

The regression equation of aversge weekly 'totel

number of laycrs! for the veriod at Shackleton Base iss-

y = 13.7 - 0.14%

ft

(y

averege weekly 'totel number of leyers'y t = temp-—
o)
eraturc C.)

This shows thet on the crossing the clothing worn by
the men was more dependont on tempersture then it was at
base, and thet thoy worc wore clothing on the crossing then

they did at base under sinilar tempereturc conditions.
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(4) TTIGHT SKD FAT TUICKIESS

able IV gives the everzye velue of the meen fot
thickncss ¢nd the averege value of the weight for the
period Novemf;r 1956 until Fobruary 1958, for each of the
sixten men on the expedition. The average welght for &ll
the sizteon mon wee 72.8 Xgns, (5.D. - 7.8) and the cver

ncen fat thickness for ell sixtcen men was 13.1. (S.D.

Then coaparing body woight with skinfold thickness,
Lewis, Hasterton cnd Iosenboum (1867) adjusted the weight
of their men to : standerd height of 177 cmy, ¢nd to a
stendard a2gc of 33 ycars. In the prescnt study, teking dete
from Teble IV (2) the corrclation hetwecen weight end age
is not significant, c¢lthough the corrclation betwecon weight
end height is significent =t the 5% level. In this study,
weight was adjusted to & standerd height of 177 e by a
correction of 0,68 Kg/cm ena no zdjustment was nade for age.
(Roscnboun 1951) This adjustuent wes nade to corrcct for
bies duc to height when compering the weight with the ncen

fet thicknecss of the twilve nen.

Figurce IX (8) shows the nonthly aveorage corrccted
weight, and the monthly average necn frt thickness of the
tcn nen for the period November 1956 until Decembor 1957.
It 2lso shows the tompercturc for this period ~nd the tomp-
craturce scalc hes been inverted for comporison purposcs.
he intervels of weight "nd nmean fot thickness for each month

are the 95% confidence intervals. The volues for Dccenber

3

1656 rnd Jenuery, Septcembor end October 1957 rre nmissing

beeruse of insufficicnt data.

-y

Scosonal Fluctustions in Uecight and Fat Thickness

The averzge mean fat thickness initirlly dccreascd end
then increcscd in the colder months fron July to Jugust.
In Novenber ond Docember, the average nmean fat thickness
docroased agrin fron the August valuc. The correlation
botween everage ween fot thickness nd temporrturc was not

significant.
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The cversge welght cppocrs to viry witl, tempersturce
cnd the corrcloation between weight ~nd tompercture is

significent et the 1% lovel.

Le cversgze welght of the ton nen was 3.0 Kg less in
Deecnbor 1957 thrn in Deceenber 1956. he overr ge nean foit

thickness deercoscd by 6.2 during the seme periocd. There
was no restriction on food intcke ot base cnd the usual

caloric intrke was Detweon 4,000 Xenl ¢nd 4,500 Keel a day.

Rclotionship Betweon Weisht (nd Pot Thickness

Considerinz the individucl records for each subjcct

r cuck month, thu corrcletion bhetwoen corrected weight
end neen £t thickness was sigrificont ¢t the 1% lovel for
cight out of the ton nen. Tho two nen whosce weight wes not
corrclated with thoir meen fot thicliness were the oncs with
he larzest surface arcas,. (subjccts 1 ~nd 8) ot thickness
is difficult to nicosure with absolute reliability,
expceially on the outer side of the thigh, snd expcrinenteal
crror ney cccount for the last two gubjects showing lack
of correlation, sincc it would Lo unrcesonable not to
cxpcoct weight to dncrease with £ot thickness.

Considering ench nonth individuclly, the cerrclction
betweun weight (corrccted for height) end mean fot tllokncsu,
weo significent 1 the 1. level for =1l of the men. There
was &lso & significent écrrclation % the 1w lovel between
weight "nd £t thickness measured ot sites 2, 3 tnd 5 in

ch uionth. There was no significant corrclation betweon

weight and £t thickne meesurcd at sitc J4,(outcr leg, onc

ich) suggesting that thiz is not ¢ site

third wiy
a2t which frt is laid down durin. sncll chenges in weight.
The close corrclation between fet thicknesss ot other sites
with weoight, suggests thot the increase in welght was not
due to incrceseld nuscle nass but probobly elnost entirely

due to deposition of fet rnd further, wos prokobly ofF
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The closc positive correlstion between body weight ond
skinfold thicknessis in agrocnent with the rosults of Lowis

et &1 (1660) end Drvics (1969). Hassoy, (1956) worked with

[oal

nen in antorcticn over ¢ peoriod of two yeors. He found
that during the first yeor the won showod ¢ rpid shrinkoge
of frt thicknoss, but thet Juring the sccond ycor thore

wes & close rolotionship betwoon woight - nd £71 thicknoss.

Lewis ot 1 (1960) found th-t the two sitcs of lcast
veluc in prodictin weight were the suter ¢rn botweon
deltoid inscrtion and clbow (sitc 1) end the outer leg, onc

hird wey down thisgh. (sitc 4)

In cvr gtuly, site 4 is not ¢ poold pnrodictor of weight

in ¢ny of the wmonths, but site 1 is corrcl: ted with woight

in six out of ten ¢f the months annlyscd,

+snalysis of Teigkt Recoris for Croessing

The folleowing weihts wore the weishts for four mcon
for the period of the crossing.  The rendings for Novenber
were tokon ot 3hacklcton nd the readings for Decembor werc
telken et S.outh Ice. The readings for Jenuory woere teken
£t the 3outh Pole rnd the rcolings for v reh were token ot

Scott Basco

Tecights in Kilogrrns

Subjcet Subjecet  Subjcet Subject
10 8 12 9
Fovenher 1957 77,2 /e G 771 8C.0
Dcecember 1857 TS 86.8 765.2 80.2
Jrnunry 1958 75.0 81.0 75.5 77.3
Mareh 1958 . 73.6 77.0 76.3 78.2

Subject 10 is the only wrn wheso weight increased fron
Decerzer to Jonuary, snd this wes not n significaent increese.
The weight of the other thrce won docrcased from Decenber

to Jonunry.

.IX°3O




—.—7

(5)

Jusjeet 10'@ veight lcercascd fron Jrnunry to Moreh,
end the woislts of subjects X, 9, cnl 12 incrcascd for the
scise poriod. However, the weizht of ¢ll the nen docrcascd
frorn Uovenber to MHerch. It is Aoubtful whethor much
criphesis should Do pleced on thesc rcadings since tho

o on aifferent woighing scoles

neasurcricnts were 711

undcer ¢ifficult conditions.

The everag: number of hours of sleep were calculated
for the time spent ot bese. (Bhackleton or
South Ice) Base routine followed & foirly rigid pettern

&t Sheckleton the yeir round, owing to the conmsidercble
noise made by the dicsel generstors which ron from breckfast
time to lights out. ¥oisy work was impossible in the
comperstive silence efter 11 pem., and the slecp pottecrn

cveraged 7.4 hours,

There was no such rigid pattern imposcd &t South Ice
by mechine noisec, &nd the nen workcd ~nd slcpt &s ncecessary.
The slecep pettern becenwme ivrogular and broken ~nd will be

&

decelt with scperstely.

The isin Crossing Perty from Shockleton to South Icey

(Hovembgr 24th to Dceconmber 23ri) the most difficult part of
the journzy, hed &an everoge of 6.8 hours sluep cacl twenty
four hour pcriocd. Froii Scuth Ice to the South Pole the two
dogr drivers evercged 7.3 hours & night vwhilc the vehicle
party averiged 6,3 Lours, (Dcocmbcr 25th to Jonucry 19th)

The hour less is duc to the vehicle mcintoinance =

dogs do & good deal of their own maint: inancc!

Proo the South Pole to Depet 700 the whole pearty moved
togcther in vchicles over easicer torritory, the dogs heving
becn flown out, ond slcep everezed 6.0 hours ¢ night, the
reduction emrthesising the long hours of driving nccessary
to cover the distincc. It was late in the sceson ~nd 1t wes

cssenticl to meke @11 spocd to Scott Besc. The last portion
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or the Journcy frorm Denot 700 dowm to Tceott Bosc

3

voedn

o

~

o

~eised this pottern, eloop dropping to He1 hours

The nen on arrivel wore nevertheless in jood herlth
end spirite, cnd althoush short by an avernge of on hour o
night for over three months, only slept o fow extre hours

Scott Boac.

o
~
-
2
H-
<
[
g
ot
2

In gencrcl, the uen who had tho most slcep at base hod
9) end thoseo

tho ucst on the cressing (subjocts &, 12, and
at base ked the least rmount on

tl¢ croszsing. (subjects 6 end 11) (Teble Ix (12))
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! Sub joet t lversge Tumbor of Hours
i
Mo | of 3leepn for Period
] A-
i 2t Basc

|

Averoge TTunber of Hours

of Slcep for Period

of Crossing

i
;

1 7.5 6.3
2 ‘ 7.3 62
3 7.2 6.0 ‘
4 : 7.5 6.2
i
5 f 5.2 7.1
6 % 7.0 5.9 ‘
7 l 6.8 6.4

8

Table Ix (13) Avercoc Totel Humber of Hours of Slecp

for Twelve

.

ticn

TZ.33

EE 7.6 7.2
10 j 75 6.4
11 [, 6.7 6.0
2| 7.7 7.0
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RESULTS
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DVIDTICD OF 4 LT TIZLTION

The survey of literature in Section IIT has alrecady
drzva attention to the difficulty of deciding what can be
teken as evidence significent of acclimatization to cold.
The results presented here enable one to see whether or not
less clothing wes worn as time passed in closely similar
climatic conditicns; :nd the mein assumption fm this
analysis is thet if general body acclimatization occurs,
then the individual will need less insulation to deal with

the sere cold ztress.

The results show quite clearly that in this particuler
survey of this particuler expedition, there is no evidence
of less clothing being worn to mest the same coird siress
as time passed, anl this is true for both the period at
hase end during the crossing of the Antarctic Continent.

In fact, the totel amount of clothing worn increcased when
the temper: ture fell, end the corresponding removal of
clothingy that mizsht be cxpected to occur when the temp-
erature rose by a similar smount was consistently less than

expected.

In fact, with the passage of time, the amount of
clothing worn during the crossing increased slowly and
steadily. This increasc in the ‘'totel number of laycrs!
was meinly due to the increase in the number of layers worn

on the upper trunk.

Theie is no doubt that the nmen experienced & considerable

cold stress, especially during the crossing. (see Section
IV) There was free access to their own spare clothing,

and new cleen clothing was aveileble if needed to replace
any soiled in a mishap while oiling or preasing & vchicle.
Thers wes no social or other berricr to wearing any partic-
ular combination or quantity of clothing. The increase

in clothing wes therefore not due to soiled clothing

Aol
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beccoming e less effective insulation leyer, but the result

of & wvoluntery decision to wear wore.

This wes olso true of the period spent et basc, although
here the cold stress was less owing to the greater amount
£

of time spont indoors, and the cotu 1 oaic wnount of clathing

AT VL 1eSS.

There was no similar incrcase with time in the clothing
worn on the hands duringy the crossing. This is very likely
to be due to the alrcady well szuthenticated local agelimat-
ization to cold thet cen take place in the hands. However,
it mey be significent here that the amount of clothing that
cen be worn on the hands ig in fact ultimetely limited by

ho resulting clumsiness.

These results are not in agrecment with those of
Goldsnith (19€0) Palmei (1962) and Lugs(1965). o .is may
well e bee tions were nmuch morce severce than
thosc considered by Palnai end by Lugg, wut the conditions
experienced %y the Ldvence Party end enalysed by Goldsmith
woere at least as severe as those during the crossing.
Goldsmith only reported his fisurcs as signiticant for
hands, howevor, znd the disparity is (probably) less than

it appears,.

This abscnce of evidence of acclimatization fronm
clothing records mey be linked with the l:ikelihood already
discussed thet this sroup of nmen wasz elready highly self
sclected, i.¢. in choosing these conditions. In other words,
the expedition nembers formed enything but a rendonm

populatisn seuple.

Severezl inadeguacies riust be Torn in mind when
considering these results, Dvery new arrivel quickly
learns to adjust his clothing to sult chenging conditions
during the day. Both &t base rnd on the crossing each man
dressed for the day o-. Fir1:% rising, judging what would be

"

nceded for the dey from & quick glence outside, past

gxpericnce, end a sharp memory of whether he was comfortable




the previous Gey or not. It is fer too difficult to change
clothing during the dsy (barring exceptional circumstances)
and sweating must be avoidced very carefully or the moisture
will condense «nd freeze in the outer layers of clothing,

thus lowerin. its insulation veluce [reatly - evin denger-—
ously. “hile working hard the anorek hoed is lowered, the
draw stringss lcooscened end movement then ceauses a flow of

air throuzh the enorsk. “Then not exercising, heat is
conserved by tucking the enorak into the windproof ftrouser
waist band, and doin; up the hood round the face. The tests
at dearnborou: howed thet this simple menouvre decreased

PG
the clo velue of the upper trunk clothins by about helf a
clo unit - & considereble fusunt - quite epart from the all
importent venting of moisturse ladon zir end the heat loss
due to evezporation. I'o record ves kept of these sinmple and
21l importent nenouvres, but variocus combinations of thesc
conditions cen be scen in the nuncrous photogresphs taken
during the expedition. It would not be feasible to keep

a continucus rccord of these points, but they are obviously
of importence. L4in autometic vontilation recorder would be
helpful. However, &ll this is to zvoid sweat wetting the
clothing., Once the exercisce is 2ver, heat must asein be
congerved #nd this is the clothing rvecord we are recally
concerned with i.c. thot which is necessary for the men

in normal cctivity, and under thesc conditions the hood is
cormonly up -nd the énorck tucked in cr the weist draw

string tightened.

Perheps the most inbteresting point is thet the new

arrivels at Bhackleton Base in Jenuary 1957 chose to wear
the sare enount of clothiny as th:t beins worn by the
members of the Ldvence Party they were jeining. o--one
knew this at the time, ond the fects only appeared when
the data cards were anaslyscd after the expedition was ver,
If the new arrivels were un-acclimatized, they might be
exzpected to wear mors clothing., If the wembers of the
Ldvence Tarty had achieved scclimetization after their
g

extremely harsh winter, they misht be expected to wear less




then the new arrivels off the ship. The two groups in fact

viw.re practically ilcentical.

4 possibility is thet the newconmers werce alrcady
acclimatized before reeching Siickleton. They had entered
the packilce four wooks 'befors, end reached Halley Bey two
and a helf wecks before the date of cormencencnt of the
detsiled analysis considercd herc. Thoy had then spent &
wcel nd & half at Helley Bay unloading stores ¢nd then
nrocecded to Shackleton Basc. The full dctalled anelysis
sterts on Jenuary 20th 1957,(e week later) end the date
cards of the Ldvence Party are considered in Goldsmith's
enalysis up to thet dete ¢nd in this analysis frowm that
date onwards. The newconers had boen based on board ship
&ll this time until moving eshore at Shackleton end it does
not scem really likely thet eny serious degree of cold stress
would be experiencced until living ashore. L11 the meals
werc tiken on hoard, men slept on board, end worked ashore -
nostly driving vehicles unlozding the ship during the warmest
period of the .lntarcitic sunnmer. The temperaturc averaged
-6°C % Shackleton Curing this week. It 1s also possible
théet the members of the Ldvence Party had lost ecclimatiz-
ation to cold that they had acquired, owing to the rise in
toupereture efteor the winter. The fect remains that they
hoth employed the same clething insulation to deel with the
seme clima+tis conditions end there was therefore no

differcnce between thom in their rscte of acclinatization,

The differcnce ir the clothing worn by one individual
as Glstinct from enother under any sct of circumstances,
could not Le closely correlated with age, weight or £ 4
thickness, or indced any paramcter tested, despite there
being statisticelly significant differecnces hetween indiv-
iduals. This was anazlysed closely only Tor the crossing

dete.
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TI¥D CHILL ‘ND TTHPER, TURE

The concept. of wind chill devised by Siple (from - ..

experinents on the copling of naked containers of’water)

‘has beern widely discussed end criticised, (Burton & Edholm-

_1955) but continues to be extensively used. In this survey
the correlation between clothing worn and wind chill wes
much inferior to the correlation between clothing end temp—~
ercture, end this was true for 211 the data, both at t- 3e
and during the crecssing. In-other words,; the clothing worn .
depended mainly-on temperature, end this indiceates that too
much weighting is given to wind in Siple's wind chill device,
for men wearing windproof clothing. The shelter given Ly
buildings or by vehicles mey also reduce the importance of
wind. eno mously, cnd the tenpercture factor then would
become the more importent. Lt basce, men dressed for the
outside conditiocns, end there wzs no protection outdoors,
but the correlation of clothing with temperature was still
better then with wind chill. On the croszing the vehicle
cabs, glthourh cold, geve considereble proteetion from wind,

although they hed to be driven 2t times with windows or doors
open. (Fuchs & Hillery 1958 2) Cab tempercturcs were as

low as awblent temperzturcs on.sterting, but the tempercture
2t head level rose above freezing point after en hour or so.
The floor tcmperaturc was alwsys wcll below freezing point, -
and was delilerctely kept low to avoid eny possibility of
melted snow wetting the foot gear. Stops werce frequent for
verious rcasons, . end cab temperotures dropped. the instant

a door was open: l. Then cenping, the tent tempersture rose
ttove freezing point-at sitting head level, while cooking,
but commonly dropped to -lﬂOC when the prinmus was outs

Both cabs and tents ¢ d give protection from wind. The fact

remains that the larpe anount of dete analysed here indicates

‘clezrly a closer correlation between clothing worn and temp-

erazture then with clothing worn and wind chill, in a group
of men experiencing very considerable cold stress over a

long period of tinc.
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SUTAIPLE RECRTISSION ANALYSES

The nultiple repression enclyses also show clearly that
tempersture was the most importent fecetor influencing both
the 'tot=l nunbher of leyers! of clothing and the number of
layers on various sectiong of the body. This is at variance
with Frazier,(1945) Butscn, (1949) znd Lugze (1965) who
found thet not much extra clothing was needed by the nmen
at Litftle imerica IIT, Grohamland . nd Devis Base when the
wee ther boeenme colder.  Goldomith (1960) cnd Palmai (1962)
both found thet thers were secsonel vearietions in clothing
worn proportionzl to cold stress which is in accordance with
the results presented herc., Cloud cover was also sisnificent
in the wultiple regression enclyacs for most of the neny
especially for the upper trunk clothing, and this is belicved
to be duc to the relation between cloud cover end incoming

rediation, which is already known to be of direct importance.

In the nultiple regression analysces of the faectors
possibly affecting the number of loayers on the feet, tenp-
ercture cscin energed as the most iwmportont factor, but
drift zleo cppeared as & factor strongly influencing foot

WELT, bhe expcected. IMass (1959) found thet drift

increased the nunbing of fingors by between two cnd six

tinzs.

wltitude as a factor influencing clothing appeared to
be of low importince,; the regression coefficient being

4

positive in somc cases and nep tive in others.
LOTIVITY JWD CLOTHING
The aprerent absence of & close rclationship between

the desrsc of activity ond the clothing worn is puzsling

at first si-ht, but, Lere again, the =11 importent adjust-

nent of the cnorck hood ¢nd the weist line was not recorded

and this would explein the ohscrved facts.
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e suggest that thce men dressed according to the temp-
ereture cnd made frequent adjustments to the znorsk to suit
the wind end give sufficient ventiletion to provide the
necessary he&t excheange. It is:d natter of common obeervetion
thet when ananorak is pulled out loosely at the waist, znd
the hood is down, then reising the arms up and down causcs
a pumping action readily providing ventiletion of the upper
trunk. This would adequately account for the absence of
& close relationship between degsrees of activity end

clothing worn.

SLO VALUES

The measurcments of clo velues showed that there is
a simple direct relationship between the number of layers
of clothing worn, end the clo velue of the clothing assenbly.
If en aksoiute measurement of heat insulation is regquired
then the tedious and difficult measurcment of clo vilue
rnust still be made at one of the few laboreatories in the
world thet heve the eleborzte facilities necessary. For
all ordinary purposes of relative comparison of good clothing
used in cold climates, these investigstions show clearly
that 2 simple number of laycrs co.nt is fully adeguate.
i very simple weighting of the count, giving the outer wind-
proof layer (both trouscrs end enorck each) a velus of two,
end the long underpants & vzlue of two if wern, gives the
best corrclation of 211, The fact that these germents
appear &g thes most importcnt, indicates first of 211 the
enornous importance of wind and windprosfing, end secondly
the differcnce between long underpants ¢nd vests. ¥No
weighting of the upper trunk underwear improved the
correlations,indiceting & reel difference between vests
and long underponts in their velue as hezt insulation.
This is thought to be due to the long underpants being thick
germents that clung tightly to the legs while the vests were
locse #nd of different texture. It would be well worth
experimenting with & vest of the same nateriel ond cut as
that used for long underpants, for use in conditions of

extreme cold stress.




The clo value of assembly '4' tested at Farnborough
is of specicl interest &5 this was worn by subject number
10 during a forced lending from e small aircreft  (Fuchs
& Hilary 1958 b) The two occupants of the eircraft survived
for eleven days on the ice shelf without a tent ora shovel,
in temperatures betwe:n —SOOC end —6000 on emergency rations
of about 450 Kealories a day by digsging ¢ hole in the snow
and using just over one pint of paraffin in thet tinme for
cookin; purposes. (the usual allowance of paraffin for
winter sledping for two men ia 1% pints & day) Neither wes
frost bitten, but sleep was in very short periods between
bouts of violent shiverin:. The ice hole pgave protection
from the wind, but the subjects were not adequately insulated
by the 3.1 clo units worn. Both lost weight end had marked
ketosis as measured by dcetest teblets during ths eleven
days of exposurs. Subject 10 drenk 4% pints of fluid during
the hour following errivel at Halley Bay and when weighed
(nude) wes then found to have lost 7lbs weight in the ele-en

deys. This loss was presumably of fet, hcncc the ketosis.

There were differences between the clo velue of asscmblies
neasured at the Institute of .Lviation Medicine et Fernborou,.
and at the "right-Petterson ..ir Porce Basc in U.S.i. of up
to half a clo unit, the U.S.... figures being higher.

The differences are likely to be duc to the difficulties
experienced in putting the clothing on the Parnborough
nennikin, ¢nd, despite unpicking ¢nd re-stiching seans,
there was probebly & tighter fit on thc Fernborough mennikin

with 2 lower clo velus as ¢ result.
(6> WEIGHT JID F/T THICKNESS

The scesonal fluctuestion in weight recorded here is
similar to thet reported by wilson (1960) znd by Lewis,
Masterton end Rosenbeum (1960), and probebly indicztes no
more then & plentiful supply of food and & lower energ/
expenditure in the winter then in the summer. Davies (1969)
found thet the weight ¢nd fat thickness of the 1960-61 party

steticned £% Horseshoe Island end Stonington Island
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Merguerite Bay, were not increased by exposure to low
temperatures. The weight end skinfold thickness records
of the Jldvance Party of the Trezns-intarctic Exnedition zlso

did not show seasoneal chenges. (Goldsmith 1959)

The loss of 3.4 Xg in the average weight of the ten
nen for whom figures are aveileble for December 1957 and
December 1958 is expleincd by the circumstances. The first
figures were taken aboard the liagge Don where exercise was
limited. The seccond set were recorded (on dif ‘erent scales)
at South Ice immedietely after the hcavy energy expenditure
of crevasse probing during the most difficult and strenous

fpovdion of the crossing.
SLEEP

The number of hours slept dropped from 7.4 & night at
base to 6.8, then 6.3, th:n 6.0,then 5.1 kLours during
successive steges of the journey. This illustreted the
pressure on the party to complete the journey in time to
escepe from Anterctica before the coming winter made return
by ship to the outside world impossible. The overzll lack
of sleep and tiredness resulted in the men being able to
slecp instently znd eagily almost wherever there was an
opportunity. It is normel to seeck warmth end comfort when
intending to sleep, and it is just possible that the steady
increase in clothing rccorded during the crossing is related
not only to the low temperectures (as it obviously was) but
to the increzsing lack of sleep. Yo regression anslysis has
been done on this aspect since the concept only emevged
vhen the work was being discussed. The analysis will be

made later if possible.
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Acclimatization in the hands

The hands are the onz region of the body in which

acclimer tion to cold t bean clearly shown to occur by

as Mackworth (13:53), Massey 1559, Le Blanc Hildes
3 3
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60 and Nelms =n? Sower (1962), and theraz is no

~

doubt thri it occurred in the mewmbers of the crossing party.

A single axample will suffice., ¥Toxr the last few days o

crossing = physiologist (Zolonel J,M., Adam of the MRZ, wondon)

joined th=2 crossing party end tentad with the .expeditlon’s

a

physiologist. Tha crossing party were finding the wsat

1

conditicns warmer, having da2scendad from over 2,000 m.

, o 0 ; ,
ituds end temperatures of about -30 €, to the shelf ice

st
'.-l
(w3

. , . . , o
just .above sea level with tempzraturecs of about -20C, On

brealiing camp when the TAZ mambor had besn loading the sladge,

1

"

hour without glovas, i:? was

i

0

as 'outside man' for about ha

joined by the 'inside man’ wi last boxes., Despite

waaving gloves both hands 'wint off' and the inside man had to

go brcr hurriedly into ths £o rawarm his hands, although

W
[y
4

=
1=

he hed alveady been seversl waeks in the Anterctic,

Thavz is no direct evidence of acclimatization of tha
Ha ;{ H = aAaGn cxale ) l R [ ] i1 d T oy 1.';0
hands in tnz2se records, out 17 is worth noting tnat tue
incrense in the number of layoers worn on the hands was much

less th=n the increases vacordzd over the rast of the body.

Ti was also noticed thnt the skin became slightly

thichzr ond that fine sensczion was & little dulled., Crazks

conearzd in the skin betwaen ¢ dermal ridges on the fingerw

)

v
3

tips ~nd some of these becoma deep ond very painful. They .all

healed rapidly whien the fumpereturs rose, some healing

before raszhing Scott Basz, =nd 2ll within o few days of
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GLOSSAPY OF SPICIAL TERMS

This is not a full glossary and only contains those terms of

special importance.

AVIPAGH This always refers to the arithmetic mean,

BIT The amount of information required to distinguish between

1 and 0 in the binary notation used in computers.

"GOING OFF A term commonly used to describe the painful initial
stage of sarious chilling of the hands., If neglected
clinical frostbite may supervene.

INSIDE MANM When camping the ‘'Inside Man' prepares the food and does

and

! - iraetAa Fho [ . H
OUTSIDE MAN all the wort inside the tent. The 'Qutside Man

similarly lools after sledges, vehicles or dogs and so on,
y s

P Probability eupressed as a number between O and 1. If the
probability is 1, then it is a certainty, I£ the
probability is 0.5, there is a 1:2 chance of the event

occurring., If p .. 0.01, then the probability of the event

occurring is one in one hundred.
PROGRAIM Set of instruciions for computer.

T Sample correlation coefficient. It is the measure of the
mutual relztionship between two variablas,
REGRESSION Istimation of one variable (the dependent variable) from
ANALYSTS one or more related variables, (thz independent variable).
The linear vegression equation is written in the fcllowing
form.,
y s oag¥y + a,x, + 2,Xg T oheeas D
where vy :: dependent variable and
X1ls X2 +.... &re independent variables.
SIGNIFICANCE If for example an 0.05 level of significance is chosen in
accepting or rejecting a test of hypothesis, then there
are about 5 chances in 100 that the hypothasis would be
rejected whan 1t should be accepted.
THIERMAL The thermal insulation of a body is the weciprocal of its
o Y
INSULATION thermal conductivity. Thermal conductivity is the heat
flow in calovies par second flowing aciross a centimetre

, . o ,
cube with a temparature difference of 1°C on opposite faces,
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